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its absorptive po^^^- from 1 to 85, and even to 136 ; and wat<?ry va- 
pour present iu'the nir at ordinary temperatures produces an absorp- 
tion of heat represented by 70 or 80. Air saturated with moisture 
at the ordinary" temperature absorbs more than 5-100th8 of the heat 
radiated Trom-a metallic vessel filled with boiling water; and Tyndall 
calculates' that of the heat radiated from the earth's surface, warmed 
by the' -sun's rays, one-tenth is intercepted by the aqueous vapour 
withlti^iO feet of the surface. The influence of moist air upon the 
cAXiii&ie of the globe is like that of a covering of glass, — it allows the 
fe\in's rays to reach the earth, but prevents to a great extent the loss 
^ *''T5y radiation of the heat thus communicated. During the long 
-/./ nights, however, the radiation which goes on into space causes the 
'.\ ' precipitation of a great part of the watery vapour of the air ; and the 
earth, deprived of its protecting shield, becomes rapidly cooled. " If 
now," says Mr. Hunt, "we could suppose the atmosphere to be min- 
gled with some permanent gas, which should possess an absorptive 
power like the vapour of water, this cooling process would be in a 
great measure arrested, and an effect would be produced similar to 
that of a screen of glass, which keeps in the temperature beneath it 
directly by preventing the escape of radiant heat, and indirectly by 
hindering the condensation of the aqueous vapour in the air beneath." 
Such a heat-absorbing gas might have existed, and, if geologists are 
right in their old notions about the abundance of carbonic acid gas 
in the days of the luxuriant coal-plants, did so ; and Mr. Hunt seizes 
on this idea at once, and considers there are " the best of reasons for 
believing that during the earlier geological periods all of the carbon 
since deposited in the forms of limestone and of mineral coal existed 
in the atmosphere in the state of carbonic acid ;" and he also considers 
other gases may have aided. " The ozone which is mingled with the 
oxygen set free by growing plants, and the marsh-gas which is now 
evolved from decomposing vegetation under conditions similar to 
those then presented by the coal-fields, may by their very great ab- 
sorptive power have very well aided to maintain on the earth's sur- 
face that high temperature, the cause of which has been one of the 
enigmas of geology." 

So far, very good ; Mr. Hunt seemingly prefers carbonic acid in the 
air to the supposititious molten mass inside our globe. If there were 
a former higher climatal temperature of our planet, and such abun- 
dance of free carbonic acid in our atmosphere, doubtless all would 
happen just as Mr. Hunt indicates. But was there such an amount 
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of free carbonic acid ? and if so, whence did it come ? Carbonic acid 
one would regard as the result of animal or igneous combustion; 
We could scarcely derive it from the piscine and mollusk life of the 
early geological life-periods ; nor is. it a bit clearer that there w^ere 
any really igneous causes at work to produce it in siich vbluukes^ 
We would rather regard it as the resultant from the undoing of 
something else ; if so, it was probably generated continuously, not 
in volumes. In nature too little remains free for any length of 
time. Length of time, with small quantities of carbonic acid, would 
accomplish the same result for vegetation as large quantities and 
very rapid action ; and we have no right to conclude that the Coal 
period was not a long period. Moreover, we have Ho experiments 
to teach us that plants grow more rapidly and solidly in an abuii^ 
dance of carbonic acid than in purer air with only a slight amount of 
carbon in it. The luxuriance of vegetation is synonymous with 
fixation of carbon^ and there is much to make us think that thiS: takes 
place more freely and perfectly in proportion to the intensity of 
light and the purity of the air. Is it not the sunshine, and not the 
volume of carbon, that is the cause of luxuriance ? 

Mr. Hunt appends to his paper a notice of an article by the late 
Major E. B. Hunt, of the United States Engineers, " On Terrestrial 
Thermotics," published in 1819) in the Proceedings of the American 
Association, in which the Major argues that the temperature of the 
earth's surface iucreases with the barometric column, and that the 
atmospheric mass must have been greater in the earlier geological 
periods by the amount of carbon and carbonic acid since extracted 
from it, and that therefore the general temperature of the earth's 
surface must have been higher. To this effect of the carbonic acid 
Professor Dana adds the suggestion that the excess of moisture in 
the Carboniferous age would also have contributed to increase the 
weight of the atmosphere. Given the premises that the atmosphere 
consists of the residual gases remaining after the consolidation of the 
globe and the reduction to the liquid state of its seas and of the 
greater volumes of water evaporated from it in consequence of its 
previous supposed higher temperature, we might grant the values 
of these additions as considerable, especially the last. As it is, we 
admit the idea of 'Major Hunt is clever. 

But a question or two may, however, be asked with advantage. 
We have, in former speculations, contested for a consideration of the 
possible interference of grand physical operations in effecting the 
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our intentions being, besides collecting fossils, to trace, if possible, 
some positive connection, or otherwise, between these reputed Upper 
Cretaceous Sponge-gravels and the acknowledged Lower Oreensand 
deposits of Furze Hill and Bad bury Hill. 

Taking up our quarters at Farringdon, we first visited the Sponge- 
gravel pit near the Windmill public-house at Little Cox well, where 
we found a splendid section of the gravel exposed (see section 4), and 
in a few hours had collected a good supply of fossils ; — dip of beds E. 
by N. 10°, resting, in part at least, upon Kimmeridge clay. Next 
day we went to Furze Hill, and found near the top of the hill the 
ironstone concretions described by Mr. Godwiu-Austen (Quar. Journ. 
Geol. Soc, vol. vi. p. 456), containing numerous fossils, all of them, 
1 believe, of Lower Green sand age. These concretions, for the most 
part, lie scattered about on or near the surface. In one place, how- 
ever, we found a small section exposed, where the concretions oc- 
curred in position, imbedded in light-coloured sand. About fifteen 
feet lower down the hill, we found the same light-coloured sand, 
alternating with clay in thin layers, without concretions, and appa- 
rently unfossiliferous. 

In returning towards Farringdon by a pathway across some fields, 
and when about a mile east of Little Coxwell, we came to a gravel- 
pit of large size, the gravel of which struck us at once as being un- 
like that of the Windmill pit, the colour being very much darker, 
and the composition of the beds somewhat difierent. And here we 
presently observed an interesting fact, which seems to have hitherto 
escaped notice, viz. that this dark-coloured gravel (which, from its 
appearance, I shall call " red-gravel") rests unconformable upon the 
light-coloured '* Sponge-gravel " of the Windmill pit, — the Sponge- 
gravel, as before observed, dipping E. by N., the Ked-gravel W. by S. 
at a slight angle, the line between the two beds being sharply de- 
fined. The section exposed in the deepest part of the pit gave a 
thickness of about twenty feet to the lied-gravel, with the addition 
of six feet of Sponge-gravel (visible) beneath (see section 3). The 
composition of the Ited-gravel we found to differ from that of the 
Sponge-gravel, in the scarcity of Sponges and the greater comparative 
abundance of Bryozoa. 

As this pit (which, for distinction, I shall call East pit) is scarcely 
half a mile distant from the Windmill pit, both of them being on 
much the same level, — occupying, in fact, opposite sides of a flattened 
ridge of ground which extends from Furze Hill towards Farringdon, 
— a cross section between the two pits must be somewhat as is shown 
in the section, PI. I. Fig. 1 : — 

Our next excursion was to Badbury Hill. In a small pit near 
the roadside, on the west slope of the hill, and at about fifty feet from 
the top, we found a section exposed, which was to me by far the 
most interesting one I had yet seen. This section was as follows ; — 

• -\- Light-coloured and ferruginoas sand, with slabs and fragments of 

chei*t, apjjareatiy the d^ris of higher beds . . . i . . 14 feet. 
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a. iFine asli-coloared sand, repularfy atratifiedy very like the sands 

with clay beneath the ironstone of Furze Hill 4 feet. 

b. Dark-brown and ferruginous sand, with a mixture of small pebbles, 

Bryozoa, Terebratulse, etc., regularly stratified 4 feet. 

c. Ditto, dittOy with two or more bands of hard calcareous concretions, 

each about* eight inches in thickness 5 feet. 

This last was the lowest stratum exposed, but, from the appearance 
of the soil, the pebbly sands extended somewhat lower. 

In the looser materials composing the strata ft, /?, we immediately 
recognized the upper portion of the Red-gravel of East pit, contain- 
ing here, as there, Rhynchonella nuciformis in abundance, 2?. latis- 
sima, JR. depressa, Terebratella Menardi, Terehratula Tornaoensis, T, 
depressa, more rarely ; and, in addition, a few specimens of Terebra- 
tella oiblonga. Sow. 

In the intermediate stone-beds, c, T. ohlonga was not uncommon, 
associated more rarely with JB. depressa, T. Menardi^ T. depressa, " 
and T, Bohertoni, D'Arch. The stone also contained Apicula Bau- 
liniana, D'Orb., Pecten Bauliniana, D'Orb., P. orbicularis, Exogyra 
conica, var., and E. haliofoidea, — shells which occur in the " Bargate 
Stone" and "Pebble-beds" of Godalming. In fact, except for the 
greater abundance of organic remains, this section agrees precisely 
with a section exposed in a quarry of the Lower Greensand near 
St. Katherine's Chapel, Guildford, where " pebble-beds " alternate, 
for a thickness of twenty feet or more, with layers of the " Bargate 
stone." 

I was greatly pleased at finding Terebratella oblonga here in 
such comparative abundance, associated with T Menardi, etc., as I 
had only met?, with a single specimen in the Sponge-gravel. Yet, 
what seemed to me to be of greater interest in this Badbury Hill 
section was tlie upward passage of the dark-coloured pebbly strata b 
(Red-gravel) into o, — thus, as it were, limiting the position of the 
Sponge-gravels within a definite vertical range ; the fine sandy strata, 
a, underlying the ferruginous sands with chert and ironstone as well 
here as at Furze Hill and Farringdon Clump. 

Our time being limited, we now returned towards Farringdon, re- 
visiting the pits at Little Coxwell, and again examining the junction 
of the Sponge and Red-gravels in East pit. 

From what I have now seen of the several sections in the neigh- 
bourhood, I can form but one opinion as to the position of the Sponge- 
gravels with relation to the surrounding deposits, viz. that the true 
" Sponge-gravel '* of the "Windmill-pit is unquestionably the oldest 
of the Cretaceous deposits near Farringdon, the strata exposed in the 
sections at East Pit and Badbury Hill (see sections 2, 8), forming, 
as nearly as possible, a continuous series ; while at the same time 
there is no reason to doubt that the fossiliferous concretions capping 
Furze Hill are identical with the ironstone concretions which occur 
near the top of Badbury Hill, intermingled, here and there, with the 
cberty fragments. In offering so strong an opinion on this subject, 
I am, however, willing to confess, that had I not seen the actual junc" 
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Hon of the Sponpe and Se.d graveh in Hast pit, and i^ain met with 
the Bed-gravel, in a slightly different form, near the top of Badbury 
Hill, I should Dot have ventured to aesign any positive position to 
the true Sponge -gray el. 

B]f vi^hat I gather from Mr. Sharpe's memoir ' On the Age of the 
Fob siliferoua Sands and Gravels of Far ring don and its Neighbourhood' 
(Quar. Jour. &eol. Soc, vol. x. p. 176), the author of that paper was 
not aware of any real difference between tlie Sed and the Sponge- 
gravels, and certainly not that they were distinct deposits, as is 
DO doubt the case; nor does he seem to have himself examined the 
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These sections are intended to exhibit the Farringdon deposits in their relative position ; 
the messnrements In those portions of the sections noted as oiicarf by the dotted 
line at the sides of the woodcuts must, however, be taken as merely njiproiimate; as we 
had no means of aseertaining their real thiekneaa. 

Bection at Badburj Hili. Had he done bo, he musit have noticed the 
fact that the Bsme forma of Btachiopoda, with the addition of T. 
oblonga, and the same apeeiea of Bryozoa occur there which are found 
in the Eed-gravel of Eaat pit ; and noticing this, lie could hardly have 
separated the " Sponge-gravel a" ao entirely from nil the surrounding 
deposits na he ultimately appears to have done. In one very impor- 
tant particular Mr. Sharpe ta surely wrong. In page 178 of the above- 
meutioned memoir, he describes the ironstone depoaita of Purze Hill, 
and the Sponge- gravel a, as forming " two depositt on the game level, 
abutting against one another." Kow my impresaion is that the lower 
layers of the ironstone of Furze Hill, where in position, are decidedly 
above the level even of the higher portion of the Sponge gravel ; and 
I was at firat somewhat at a loss to account for the fact, snppoeing 
that the nah-coloured sands which we found to underlie the iron- 
stone on Furze Hill, formed a portion of the Kiromeridge clay, and 
not, as we afterwards found in the Badbury Hill section, a deposit 
refiling upon the Red-grarel. 

The accompanying aectiona, compiled, with Mr. Evans's aaaistauce, 
from notes taken on the spot, the parts margined by the double lines 
being from eiposed vertical sectiona, will ahow more fully my idea 
of the position of the varioua deposita ; and it follows that if theae 
views AS to the position of the " Sponge-gravel " are correct, the 

TOL. Til. C 
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question as to its age can hardly remain doubtful, all the authorities 
agreeing that thQ fpssiliferous ironstone concretions of Furze Hill 
are unquestionably Lower Oreensand, Even, however, were this not 
the case, I should have no hesitation in comparing the Red-gravel of 
the Badbury Hill section with the Lower Greensand " Pebble-beds" 
of the St. Katherine's Hill quarry, near Guildford, so very striking 
is the resemblance between the two deposits. 

And it is no new idea thus to compare the Farringdon deposits to 
the sands and gravels of Devizes, Calue, etc., nor even to the pebble- 
beds of the L. Q-. S. of Surrey. In June, 1850, Mr. W. Cunnington 
called attention to the occurrence of most of the Farringdon Brachio- 
poda in the Lower Greensand of Seend, near Devizes (Quar. Jour. 
Geol. Soc. vol.. vi, p. 453). Mr. Godwin- Austen repeatedly refers to 
these deposits as being of similar age (Quar. Jour. Geol. Soc. vol. vi. 
p. 455 ; and vol. xii. p. 69) ; and Mr. Sharpe himself admits the fact 
of their accordance to each other. In comparing these deposits, 
however, it is necessary to distinguish between the tioo gravel-beds 
of Farringdon, and this does not appear to have been hitherto done ; 
for it is the Eed-gravel, containing, as it does, nearly all the Bra- 
chiopoda which occur in the lower deposit, but very few of the 
Sponges, that has been met with at Seend, and not the Sponge-gravel ; 
aud it is the Red- gravel which accords best with the Lower Green- 
sand "pebble-beds" of Surrey. 

LIST OF BRACHIOPODA FROM FARRINGDON. 



Lingula trancata, Sow, 
Thecidium TVetherellii, Morris 
Terebratella Menardi, Lam, , 
T. oblonga, Sow. .... 
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R. Gibbsiana, Sow 
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Although I have formed my corwltisions as to the age of the Sponge- 



MACKIE — OK FOSaiL BIRDS. 11 

gravels on geological rather than on palseontological evidence, the 
accompanying list of Farringdon Brachiopoda, from specimens which 
I have myself collected, may not be uninteresting. I regret that I 
cannot add a list of the small Bryozoa, etc., as several of the species 
are common alike to the Lower Greensand pebble-beds of Godaiming 
and the Sponge-gravels. 

In this Table, the columns 1, 2, 3 show the species of Brachio- 
poda met with by Mr. Evans and myself in our visit to the sponge- 
gravel pits. Col. 4, 5, 6, I have added, as showing instances of the 
occurrence of the same species in the Lower Greensand of Godai- 
ming and Shanklin, which have come under my own observation ; and 
col. 7, as showing their recorded occurrence in British Cretaceous de- 
posits of an age younger than that of the Lower Greensand. The 
absence in the Earringdon deposits of such Upper Greensand forms 
as Terehratella pectita, Terehratulina striata^ Kingena lima, 1\ ovata, 
T. biplicata, T. obtusa, Rhynchonella compressa, R. sulcata, and jB. gra- 
siana, species which do not appear to be uncommon at Warminster 
and Cambridge, has long seemed to me to be a fact of much signifi- 
cance. 



FOSSIL BIEDS. 
By the Editor. 

{Continued from page 455.) 



Bozier says, in his * Journal de Physique,' 1782, page 174, that 
" mention is made in the Catalogue of Davila of a tibia and of a beak 
imprinted on two different stones." If there be any other notice in 
Davila than the passages we have quoted, it has escaped our search. 

In 1782, M. Robert de Paul de Lamanon gave, in the Abbe 
Bozier's * Journal de Physique' (vol. xx. p. 174), an excellent sum- 
mary of what was then known of Ornithic fossils. After noticing 
the accounts in Albertus Magnus and other old authors, he goes on to 
say in his * Description de Divers Eossiles trouves dans les carrieres 
de Montmartre, pres Paris, et vues generales sur la formation des 
Pierres gypseuses,'* " M. Rouelle, according to M. Darcet, found in 
the plaster quarries of Montmartre parts of a bird separated one 
from the other. 1 (Lamanon) have seen also in the Cabinet of Natu- 
ral History of Bordeaux, some bones that it has been attempted to 
refer to birds ; they were found by the Abbe Desbiey in the quarries 
of Leognan, which are at two leagues from this capital. We can 
only assert, however, that these isolated bones may have belonged to 
birds, on the ground that their medullary cavity is very large rela- 
tively to their thickness. No anatomist has determined what is the 
relation of this cavity to the osseous portion in the different classes of 
animals ; it is even probable one could not establish any general rule 

• In the AbW Rozier's * Journal de Physique,' March, \1%%, p. 174 et seq. "< 
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in tills respect, and that certain aquatic animals have bones as light 
and as delicate (deliea) as many birds. As to this, which has the 
beaks separated from the body, it is very easy to be deceived ; and we 
know that the beaks of birds, as they were for a long time believed 
to be, in grey amber, have been recognized as the beaks of a cuttle- 
fish (seche) or a calmar, since they have been better examined. 

''But eliminating all. that authors have so assigned through height- 
ened imagination, there remain some facts about which no legitimate 
doubt is permissible, since the fine discovery that has been made of 
which 1 have to render an account. On the 2nd November of the past 
year (1781), M. Darcet made a lithological journey to Montmartre, 
and found in the hands of the workmen who worked at the plaster- 
quarries (platrieres) a petrified bird, in the most beautiful conserva- 
tion. We should not, perhaps, have had for a long time the com- 
plete proof of the existence of ornitholites, if this savant had not been 
that day at Montmartre, for the workmen destroy what they find, or 
sell to the first comer ; and thus it is so much is lost to the progress 
of Natural History. M. Darcet is engaged at this time in important 
chemical labours, and has very kiudly confided this petrifaction to 
me, and requested me to describe it. 

" The cliff (butte) of Montmartre is elevated about 40 toises above 
the level of the Seine at Paris ; the gypsum rock, of which it is chiefly 
compoaed, is there arranged in beds more or less distinct, more or less 
adherent one to another. We see at the line of their contact a band, 
which seems to contain a slightly ferruginous matter. If we separate 
these from each other, and observe their surfaces, we find them less 
brilliant (brillantes) than the interior of the stone ; they are also of a 
lighter tint of red. Powder is used in working the quarries and to 
obtain the blocks, wliich are afterwards broken by blows of the 
hammer ; it was in the interior of the stone, at more than 20 toises 
from the summit, and between two adherent beds (deux couches qui 
avoient entr'elles de Tadherence) that the bird in question was found. 
The greatest part of its substance has followed the upper bed, and 
one sees the rest with the imprint of the whole in the lower bed. It 
is posed (pose) on its side ; one of its wings extended, the other 
folded (repliee) ; the head is turned in such a manner that we see one 
eye, the under-part (dessous) of the beak and a part of the upper 
(dessus). Its position (situation) is natural, and there is not any 
transposition in the parts. It appears, then, that it has not been 
embedded (enseveli) alive, and that it did not perish in a catastrophe 
(dont ses ailes n'auroient pu le garantir), but that it fell at the 
bottom of tranquil water, which deposited in course of time the beds 
above it."* 

As yet, however, bird*remains had been but little collected, and we 
find the celebrated Peter Camper, the discoverer of the famous Mo- 
sasaurus, of Maestricht, in a letter printed in the " Philosophical 

♦ Farther details from Rozier and the figure from his Plate will be given in the strati- 
graphical considerations with the other gypsam fossils. 
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Transactions"* for 1786, writing about them in a very doubtful man- 
ner: — 

" Dr. Michaels wrote me some time ago that the above-mentioned 
fragment in Mr. J. Hunter's collection belonged to a bird, which I 
could hardly believe, as I never had seen in any collection whatsoever, 
either in London, Paris, Brussels, Q-ottingen, Cassel, Brunswick, 
Hanover, or Berlin, nor in my own country, any fossil bone belong- 
ing to a bird. I know there is a small one described in the Abbe 
!Eozier's * Journal de Physique' for March, 1782, which is at present 
in the collection of M. d'Arcet, at Paris. I expect also from Mont- 
martre a small leg of a petrified bird, but these are the only ones I 
have ever heard of ; those of Stonefield, near Woodstock, being un- 
doubtedly fishes. I think it is a curious circumstance worthy the at- 
tention of the curious, that no human boues, and of birds but very 
few, have hitherto been found in a petrified state belonging to the Old 
World." 

Having now run through the more or less doubtful and apocry- 
phal statements of the early naturalists and geologists, we may at- 
tempt to follow out a stratigraphical arrangement of the remainder 
of the mass of materials before us, giving the various discoveries and 
accounts at the same time as nearly as may in their proper sequence, 
and reserving for our concluding summary the comments, and any 
disputations of the ordinarily received opinions of geologists. We 
then take here the supposed earliest geological traces of birds ; the 
footprints in the so-called Connecticut New Red Sandstone. We 
leave for the present the dispute as to the Trias being the correct 
period to which to assign those strata, for even if these Red Sand- 
stone beds should really belong to the Jurassic series, the footprints 
they contain would still be the earliest traces of ornithic life we as 
yet possess. 

The first specimen of the footmarks in the valley of the Connec- 
ticut river was ploughed up in South Hadley in 1802, by Pliny 
Moody, Esq., then a boy, before he went to college. This specimen, 
containing a row of fine tracks, was purchased by Dr. D wight, of 
South Hadley, and is now in the Appleton Ichnological Cabinet 
(No. 16/2). So strikingly did these tracks resemble those of birds 
that they were familiarly spoken of as the tracks of " poultry" or of 
" Noah's Raven."t 

It was not, however, until 1836, that any attempt was made to 
describe these tracks scientifically. The year previous some flag- 
stones were obtained in Montague for the streets in Greenfield, by 

• PhU. Trans., vol. Ixxvi., 1786, p. 45]. 

t Mr. Dexter Marsh, however, in a letter to Professor Silliman, in 1848, says, " You 
will recollect that the first specimen of fossil footprints of hirds ever brought into pablic 
notice in this country (United States) was the slab I discovered among the fiagging-stoue, 
while laying the flagging-stone near my house, which Dr. Deane first described to Presi- 
dent Hitchcock as the footprints of birds" — from which statement it would seem that 
Mr. Marsh claims to be the first to notice these impressions, and Professor Hitchcock 
adds, in conversation with Mr. Wilson, " I understood him to claim the discovery." 
(Amer. Journal Science, vol. vi. new ser. p. 272i.) 
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Mr. William Wilson, who observed impressions upon tbem, which he 
regarded as those of the "turkey tribe.'* They {Tridentipes ele^ 
gems) were observed by the late Dr. James Deane, who sent casts 
of them to Professor Hitchcock, secured them for his cabinet and 
gave it as his opinion, from their form and succession, that they were 
made by birds. After visiting all the quarries, and discovering other 
and larger specimens, Professor Hitchcock gave a scientific descrip- 
tion of seven species in 1836 in the * American Journal of Science.' 
With a few eminent exceptions — Silliman, Buckland, Rogers, Em- 
mons, etc. — his views were not adopted by scientific men. He con- 
tinued, however, to explore, and from time to time to describe new 
species until, within six years, during w^hich he laboured almost alone, 
the number of species amounted to thirty -two ; and a general acqui* 
escence was secured for the views he had advanced. The following 
bibliograpliy will show by whom, when, and where the tracks — birds' 
aud other tracks — have been described up to 1858.* 

BIBLIOGRAPHY OF CONNECTICUT FOOTPRINTS. 

Ornithicnoloyy ; or, Description of the Footmarks of Birds (Omithicnites) 
on New Ked Sandstone in Massachusetts. By Professor Edward 
Hitchcock. In 'American Journal of Science,* vol. zxix. p. 307. 
January, 1836. 34 pages and 3 plates. 

Omithicnites in Connecticut. In * American Journal of Science,* vol. xxxL 
p. 174. January, 1837. By E. Hitchcock. 

Omithicnites in Connecticut. By Professor B. SDliman. Op. cit. p. 
165. 

Fossil Footsteps in Sandstone and Grauwacke, with a general table. By 
F. Hitchcock. In * American Journal of Science,* vol. zxxii. p. 174. 
July, 1837. 

Newly Discovered Ichnolites at Middletown, Connecticut. By W. C. 
Redfield. In * American Journal of Science,* vol. xxxiii. p. 201. Ja- 
nuary, 1838. 

I^ote to Professor Conrad's Remarks on Ornithichnites. By Professor B. 
Silliman. In * American Journal of Science,' vol. xxxv. p. 246. Ja- 
nuary, 1839. 

Final Keport on the Geology of Massachusetts. By E. Hitchcock. 62 
quarto pages and 22 plates devoted to the footmarks, and 27 species de- 
scribed. Amherst, 1841. 

Beport by Professor H. D. Rogers, Lardner Yanuxem, B. C. Taylor, E. 
Emmons, and T. H. Conrad, on the Omithicnites, or Footmarks of Ex- 
tinct Birds, in the New Bed Sandstone of Massachusetts and Connec- 
ticut, observed and described by Professor Hitchcock, of Amherst. 
In * American Journal of Science,' vol. xli. p. 165. October, 1841. 

Five !New Species of Fossil Footmarks. By E. Hitchcock. Described 
in * Transactions of American Association of Geologists and ^Naturalists,' 
vol. i. p. 254. 1842. 11 pages and 1 plate. 

New Species of Footmark, with Bain-marks from Portland, Connecticut. 
By W. C. Bedfield. In * American Journal of Science,* vol. xliii. p. 172. 
October, 1842. 

* This account and the hibliography is taken in the main from Hitchcock's * Re- 
port on the Sandstone of the Connccticqt Valley, especially, its Fowl Footmarks.* 
Boston, 1858. 
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-Notice of Newlv Discovered Fish-Beds and a Fossil Footmark in tlie Eed 
Sandstone Formation of New Jersey. By W. M. C. Redfield, In 

* American Journal of Science,' vol. xliv. p. 134. April, 1843. 

On the Fossil Footprints of Birds and Impressions of Ba-in-drops in the 
Valley of the Connecticut. By Charles Lyell. In Quart. Journ. Geol. 
Soc. of London, vol. iii. no. 91. Also in * American Journal of Science/ 
vol. xlv. p. 394. 

Omithichnites of the Connecticut Biver Sandstones and the Dinomis of 
New Zealand. By Professor B. Silliman. (Dr. Deane's correspondence 
with Dr. Mantell.) In * American Journal of Science/ vol. xlv. p. 177, 
October, 1843. 

On the Fossil Footmarks of Turner's Falls, Massachusetts. By James 
Deane, M.D. 6 pages and 2 plates. In * American Journal of Science/ 
vol. xlvi. p. 73. April, 1844. 

I&eport on Ichnolithology or Fossil Footmarks, with a Description ff se- 
veral New Species and the Coprolites of Birds from the Valley of the 
Connecticut Biver, and of a supposed Footmark from the Valley of the 
Hudson Biver. By E. Hitchcock. [Bead before the Association of 
American Geologists and Naturalists at Washington, 11th May, 1844.] 
In * American Journal of Science,* vol. xlvii. pp. 113 and 292. 32 pages 
and 2 plates. 

On the Discovery of Fossil Footmarks. By James Deane, M.D. In 

* American Journal of Science,* vol. xlvii. p. 381. 10 and 2 pages. 
Rejoinder to the preceding Article. By E. Hitchcock. Op. cit. p. 390, 

10 pages. 

Answer to the Rejoinder of Professor Hitchcock. By J. Deane. Op, 
cit. p. 399. 10 and 3 pages. 

Analysis of the Coprolites of Birds from the New Bed Sandstone of the 
Connecticut. By Samuel L. Dana, LL.D. With remarks by E. Hitch- 
cock. In 'American Journal of Science,* vol. xlviii. p. 46. 16 
pages. 

Extract of a Letter from Professor E. Hitchcock, embracing miscellaneous 
remarks upon Fossil Footmarks, etc., and a Letter from Professor 
Richard Owen, on the Great Bird-nests of New Holland. In * American 
Journal of Science,* vol. xlviii. p. 61. April, 1845. 4 pages. 

Description of Fossil Footprints in the New Red Sandstone of the Con- 
necticut Valley. By James Deane, M.D. In * American Journal of 
Science,* vol. xlviii. p. 158. April, 1845. 10 pages and 1 plate. 

Fossil Footmarks found in the Strata of the Carboniferous Series in West- 
moreland County, Pennsylvania. By Dr. T. A. King. In ' American 
Journal of Science/ vol. xlviii. pp. 217 and 343. April, 1845. 11 pages 
with woodcuts. 

On the Fossil Footmarks in the Red Sandstone of the Connecticut River. 
By Dr. Joseph Barratt. Read before the Association of American Geo- 
logists and Is aturalists at New Haven. Proceedings, p. 23. 1845. 

On the Evidences of Congelation on the New Red Sandstone. By Dr. 
Barratt. Op. cit. p. 26. 1845. 

An Attempt to Name, Classify, and Describe the Animals that made the 
Fossil Footmarks of New England. By E. Hitchcock. In Proceed- 
ings of the Association of American Geologists and Naturalists, p. 23. 
1845. 

Footsteps of the Sandpiper on Clay (with a plate). By Sir C. Lyell. In 

* First Travels in United States,*^ vol. ii. pp. 134-143. 1845. 
Supposed Reptilian Footsteps in Nova Scotia. By Sir C. Lyell. Op, 

cit. vol. ii. p. 176. 
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On the Fossil Footsteps of Birds on Connecticut Biver. By Sir C. LyeH 
Op. cit. vol. i. p. 200. 

Notice of a New Species of Batrachian Footmark. By James Deane, M D. 
In * American Journal of Science,' vol. xlix. p. 206. 

Footprints. By Dr. J. A. King. In 'American Journal of Science/ 
vol. xlix. p. 206. 

Fossil Footmarks and Raindrops. By James Deane, M.D. In * Ame- 
rican Journal of Science,* vol. xlix. p. 213. 3 pages. 

Footprints in the Coal-rocks of Westmoreland County, Pennsylvania. 
By Dr. J. H. King. In * American Journal of Science/ vol. i. new 
series, p. 268. May, 18 i6. 

Notice of a Small Ornithicnite. By Professor C. B. Adams. In ' Ame- 
rican Journal of Science,' vol. ii. new series, p. 216. November, 184^. 

On the Evidence of Fossil Footprints of a Quadruped, allied to Cheiro- 
theriura, in the coal-strata of Pennsylvania. By Sir Charles Lyell. In 
'American Journal of Science,* vol. iii. new series, p. 74. 6 pages. 
May, 1847. 

Ornithienites — Phalangial Impressions. By the Editors of 'American 
Journal of Science,* vol. iii. new series, p. 276. 

Tracks of Alligators. Op. cit. p. 125. By the Editors. 

Description of Two new species of Fossil Footmarks, found in Massachusetts 
and Connecticut, or of the Animals that made them. By £. Hitchcock. 
In * American Journal of Science,* vol. iv. new series, p. 46. November, 
1847. 12 pages, with 3 woodcuts. 

Fossil Footprints — Reclamation. By Dr. J. Deane. In 'American Journal 
of Science,' vol. iv. new series, p. 448. 

Fossil Footprint of a new species of Quadruped. By James Deane, MJ). 
In * American Journal of Science,* vol. v. new series, p. 40. May, 1848. 
1 page and a sketch. 

Fossil Footprints. By Dexter Marsh. In * American Journal of Science,' 
vol. vi. new series, p. 272. November, 1848. 3 pages and sketch. 

The Fossil Footprints of the United States, and the Animals that made 
them. By E. Hitchcock. From the Transactions of the American 
Academy of Arts and Sciences, vol. iii. 128 pages, and 24 quarto plates, 
describing 52 species. 1849. 

Notes on some recent Footprints on E-ed Mud, in Nova Scotia. Collected 
by W. B. Webster, of Kentville. By Sir Charles Lyell. In Proceed- 
ings of London Geological Society. February 21, 1849. 

Illustrations of Fossil Footprints of the Valley of the Connecticut. By 
James Deane, M.D. In Transactions of American Academy of Arts 
and Sciences, vol. iv. 16 pages and 9 quarto plates. 1849. 

Footprints in the Coal-strata of Pennsylvania. By Sir Charles Lyell. 10 
pages and 3 figures. In * Second Travels in the United States,' vol. ii. 
p. 228. 1849. 

On the Fossil Footmarks of the Eed Sandstone of Pottsville, By Isaac 
Lea. From Transactions of American Philosophical Society, * Ame- 
rican Journal of Science,* vol. xiv. new series, p. 457. 

Pennsylvania. By Professor H. D. Eogers. In 'Annual of Scientific 
Discovery,* 1861, p. 314. 

On the Foot- tracks in the Potsdam Sandstone of Lower Canada. By Sir 
William Logan. In ** Eeport on the Canadian Survey,** 1851-2. * Annual 
of Scientific Discovery,* 1853, p. 304. 

On the Tracks of Gasteropoda, Crustacea, etc., in the Clinton group of 
New York. By Professor James Hall. In * Palaeontology of New 
York,' vol. ii. p. 26. 1852. 11 pages, 7 quarto plates. 
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Bemarks on thePossil Impressions in the Sandstone Eocks of Connecticut 
River. By Professor John C. Warren, M.D. 1 vol. of 64 pages and 1 
plate. 1864. 

On the Footprints occurring in the Pottsdam Sandstone of Canada. By 
W. E. Logan, Esq. In 'Quarterly Journal of Geological Society,* 
1862. p, 199. 

Description of the Impressions of Footprints of the Prototichnites, from 
the I^ottsdam Sandstone of Canada. By Professor E. Owen, F.R.S. 
In * Quarterly Journal of Geological Society,* 1862, p. 214, with 10 
plates. 

On recent Bird-tracks on the Sand of the Bay of Fundy. By J. L. 
Hayes. In * Annual of Scientific Discovery ' for 1861, p. 314. 

On the Reptilian Footprints in the Carboniferous Rocks of Eastern 
America ; Impressions (chiefly Tracks) on Alluvial* Clay in Hadley, 
Massachusetts. By Charles H. Hitchcock. In * American Journal of 
Science,* May, 1856. 6 pages. 

Fossil Footmarks on the Red Sandstone of Pottsville, Pennsylvania. By 
Isaac Lea. 16 pages super-royal folio, with 1 double lithographic plate. 
1865. 

On a Few Fossil Footprints (Gigandipus caudatus). By Edward Hitch- 
cock. In * American Journal of Science,* new series, vol. xxi. p. 96. 
3 pages and a sketch. January, 1866. 

On JNew and Remarkable Gigantic Fossils and Footmarks. By John C. 
Warren, M.D. Read before the Boston Society of ^Natural History, 
January, 1866. In * Boston Daily Traveller,* January 24th, 1856. 

Additional Facts respecting the Tracts of Otozoum Moodii on the Lias sic 
Sandstone of the Connecticut Valley. By Edward Hitchcock. In 
Proceedings of American Scientific Association, 1856, p. 228. 

On the Sandstone Fossils of Connecticut River. By James Deane, M.D. 
6 quarto pages, with 3 plates. In * Journal of the Academy of Natural 
Science,* second series, vol. iii. March, 1856. 

Connection of Fossil Footprints with the Theory of Progressive Develop- 
ment. By Professor li. D. Rogers. In * Annual of Scientific Dis- 
covery,* 1856, p. 314. 

Fossil Footprints. By Professor J. Wyman. Discovered by Professor 
H. D. Rogers, in Carboniferous strata, Pennsylvania. In Proceedings 
of Boston Society of Natural History, vol. v. p. 258. 'American 
Journal of Science,' vol. xxi. new series, p. 441. May, 1856. 

Notice of Chelichnus Wymanianus, By Isaac Lea. In * American Journal 
of Science,* vol. xxii. new series, p. 123. July, 1856. 

Ichnology of New England. A Report on the Sandstone of the Connec- 
ticut Valley, especially its Fossil Footmarks, made to the Government 
of Massachusetts. By Edward Hitchcock. 1 vol. quarto, of 232 pages, 
with 60 plates, illustrating one hundred and nineteen species of the Con- 
necticut Vdley, 1858. 

It would interfere with our plan, however, to enter here into de- 
tails of these footprints, and we shall therefore pass on to the first 
notice of the actual remains of birds in this formation, reserving 
hereafter a chapter especially devoted to Ornitbictites, and the evi- 
dence they afford of the classes of birds or animals that made them. 
This occurs in Mr. B. Emmons's * American Geology,' part vi., pub- 
lished at Albany, N. T., iu 1857, where at page 148 is the following 
description : — 

VOL. VII. i> 
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'* Ates, or Birds. — Palaamis Struthionoides, n. g. (E.). It is a re- 
markable fact that the remains of birds are so rare in the sandstones 
and shales in which their footprints are so common. The only frag- 
ment of a bone which has been obtained in the country, which could 
be referred to this class of warm-blooded animals, I procured from 
the red and variegated sandstones of Anson County, N. C. It is a 
portion of the sacrum (fig. 114), natural size, and contains six verte- 
brsB* anchylosed together. The figure shows the under side, and 
brings to view their perfect confluence. Upon the sides these bodies 
are seen projecting laterally from the mass of bone. It is three and 
one-half inches long, one and six-tenth inches wide, and one and two- 
tenth inches thick. (See PI. lY.) 

" A microscopic examination of the bone-cells (fig. 115) confirm s 
the opinion expressed relative to the class of animals to which it be- 
longs. 1, shows the bone-cells of a fish ; 2, those of a reptile ; and 
the remaining five the cells of the bone under consideration. The 
size of this bone proves that it belonged to a large heavy bird. The 
width of the same bone in the eagle is half an inch. It is more than 
three times the size of the largest of the kind, but it is not the 
proper bird with which to compare it, for it is highly probable that 
it more resembled the StrutMones, or ostriches, — birds with thick 
toes, — than any other living family. Its specific name has an allu- 
sion to this resemblance. The footprints of birds are mostly made bv 
those which possessed toes of this description, especially those which 
are confined to the sandstone of the valley of the Connecticut." 

The first notice of bird remains in the Oolite of England was given 
in the * Quarterly Journal of the Microscopical Society of London,* 
1857, vol. V. p. 63, in an article, illustrated with plates, " On the 
Existence of Eibds during the deposition of the Stonesfield Slate, 
proved by a comparison of the Mickoscopic Steuctuee of certain 
Bones of that Formation with those of Eecent Bones. By the 
Eev. J. B. P. Dennis, F.G.S., of Bury St. Edmund's." 

From extensive observations made upon the bones of birds, Mr. 
Dennis found that in their microscopic characters, these bones are as 
distinct from those of mammifers as the latter are from the bones 
of saurian s. " As the lacuna in the saurian bone exceeds that of the 
mammal in the size of its canaliculi, so does the latter exceed that 
of the bird ; and as they are more numerous and more branched in 
the bird than in the mammal, so, in like manner, are they more so 
in mammalian than in saurian bone." " It is in birds," he continues, 
" that the Haversian tubes attain their most elegant and varied reti- 
culations, not fortuitously, but with design, and that intimately con- 
nected with the life and habits of the animal. In fact, each bone 
is a study in itself, and involves a knowledge of the muscles that move 
it, as well as of the use it is designed for.** 

The object of his paper, Mr. Dennis says, " is to prove, from a 
general exposition of the structure of birds, that they had representa- 
tives on this planet when the Stonesfield Slate was still the soft mud 
of u large estuary ;" and for this purpose he enters (for the thorough 
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elucidation of the question) into the consideration of the structure, 
not only of birds but of both mammals and reptiles also, the latter, 
by the Pterodactjles, being intimately connected with the subject. 

** Amongst mammifers, the bats alone have the power of maintaining a 
continued flight, by the rapid vibrations of membranous wings, which are- 
in fact but a modification of the arm and hand, so adapted as to enable 
them to extend a thin canvas by which their bodies are drawn through 
the air. To this end the fingers are greatly increased in length as well as the 
humerus and radius ; the scapula also is large, and lengthened in a slanting 
direction at its lower portion for the better attachment of muscular power ; 
and to afford greater support to the stroke of the wing ; the clavicles are 
curved like the furcula of the bird, and perform the united functions of 
the furcula and coracoids, preventing the compression of the chest, and 
keeping the humerus in its place when acted upon by the pectoral muscles. 
. . . But there is no deviation in this flying mammal from the plan nature 
has laid down for the construction of mammifers ; the bat, because it flies, 
is not a bird, no more than the bird that swims and cannot fly is a fish. . . . 
The wing of the bat is in accordance with the same design that framed the 
hand of man. . . . The bones of bats are excessively strong, hard, and 
semitransparent. . . . The muscles of the fore arm are extremely insigni- 
ficant when compared with those of birds ; their bones are harder in texture, 
and only the very large bats possess Haversian tubes, even the largest 
indigenous to this country are without them;* and the Pteropus, the 
largest of the family, has only short and straight ones, and these not at all 
numerous. ... In fig. 1, pi. vi. are shown the Haversian tubes and lacunar 
of the Pteropus or flying fox, as it is popularly called ; the Haversian 
tubes are more like long lacunae, and are in the humerus straight, uncon- 
nected, and not numerous, but the lacunae are very abundant ; these be- 
come more fusiform in the phalanges (fig. 2). . . . The canaliculi of the bat 
are large for mammals. ... 1 conceive the reason of the paucity or absence 
of these tubes (the Haversian) in the bats is to be found in the character 
of their wings, and the habits of the animal. Bats require light but strong 
bones, hardly at all flexible, for were they so the great length and slender- 
ness would make the wing so pliable that it would be powerless in resist- 
ing the air, and thereby enabling the animal to sustain itself in flight. Light- 
ness is obtained by numerous lacunae, and numerous and comparatively 
thick canaliculi, and no more elasticity is imparted to the bone than is 
sufficient to preserve its structure, and obviate any fracture in flight. In 
the bird, on the contrary, elastic resistance to muscular pressure is of 
much importance ; and hence appears to have arisen that admirable ap- 
plication and adjustment of the Haversian tubes so conspicuous in the 
economy of birds. . . . Besides bats there are other mammifers, such as the 
Galeopithecus, flying Phalangers, etc., which . . . are enabled to perform 
flights to some extent by the aid of a lateral extension of their skin, which 
being spread out like a parachute sustains them for some time. ... In the 
smaller flying Phalanger the Haversfan^tubes, especially in the tibia, are 
large and numerous, the lacunae are very numerous, and the canaliculi 
large ; every particle of unnecessary weight seems to have been abstracted 
from their bones, that the light animal may float almost like a feather in 
the air (fig. 3). . . . 

" Amongst recent reptiles, the I>raco volans is enabled, by an extension of 

* In a footnote Mr. Dennis states that he has "found them in the jaw, a thick stem 
with a few straight hranches between the fangs of the teeth." 
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its false ribs, to expand a fan-like membrane, by which it can . . . for a little 
time sustain itself in the air. . . . The bones of this most interesting reptile 
are hollow and thin, but strong, without Haversian tubes, and having nu- 
merous lacunsB ; the canaliculi are fine for a reptile, but partake in other 
respects of the reptilian characters. . . . The gannet, being peculiarly cha- 
racterized by the length of its wing-bones, is a very appropriate bird to 
compare both with the bats and the Pterodactyles ; . . . the humerus, 
radius, and ulna partake of the (microscopic) characters observed in all 
birds whose wings are long and pointed. In the humerus vertical section 
(fig. 17) the Haversian tubes do not reticulate, but run nearly parallel, and 
ultimately converging to a point, from which extends another tube, which 
converges in a similar manner. ... In the transverse section the Haversian 
tubes appear as round dots, the lacunae as small irregular specks, and the 
canaliculi beautifully reticulate, etc. . . . Furcula, fig. 18, coracoid, fig. 19, 
femur, fig. 20 ; transverse section, fig. 21 ; tibia, fig. 22, rib, fig. 24 ; furcula 
of swift, fig. 6. . . . The structure of the gannet ... in the principal bones 
admirably exhibits the beautiful adaptation of the microscopic structure of 
bone to the movements, habits, and well-being of the creature ; and in no 
bone is that adaptation more closely shown than in the coracoid — the cir- 
cular reticidations of the Haversian canals in which bone are assuredly 
designed to enable it to sustain the shock it must receive when the bird 
impinges on the water. . . . 

" For ordinary purposes, the gelatinous homogeneous bones of fishes seem 
sufficiently strong for their mode of living, but a much more elaborate 
structure is requisite in the higher vertebrata. ... In the Ichthyosaurus 
and Plesiosav/nis, the canaliculi, though finer than those of some other 
saurians, are few in number ; hence their bones are perfectly distinct from 
those of mammifers or birds." 

Mr. Dennis then passes on to the more direct consideration of the 
structure of birds' bones : — 

" Comparisons," he says, " with the same bones in birds of similar flight 
and configuration of the wing are highly useful in elucidating this subject. 
Take, for instaince, such birds as the ring- dotterel ; turnstone, dunlin, 
pig:my curlew, little stint, and other birds of that description, whose mode 
of flight is so similar that . . . the most practised sportsman * cannot ' dis- 
tinguish one from the other by its flight. If we examine a portion of the 
ulna taken from the same part of the bone in any one or all of these birds, 
we shall at once observe a similar and singular correspondence in the dis- 
position of the Haversian tubes. Examine next the ulna of the greensand 
piper, a bird whose winj> is broader . . . and not so pointed, . . . and 
whose flight is easily recognized from its congeners, . . . and there is * an 
entirely different arrangement of the Haversian tubes, which are reticulated 
in every direction, while in the rest they observe longitudinal directions." 

What conclusion can we arrive at, Mr. Dennis asks, but that these 
tubes are arranged in accordance with the flight of birds ? and in 
confirmation of this view he points out that the starling, raven, jay, 
etc., in which the secondary quills are well developed, have all fine 
and numerous reticulated tubes : — 

" In the fowl they are very powerful, and the ulna contains numerous 
and fine tubes ; in the owls the same ; in the hawks the Haversian tubes are 
largo and much reticulated, and are easily recognized from those of other 
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birds. It seems therefore possible, from the microscopic structure of the 
bone of a bird, to divine the shape of its wing and the enaractgr of its flight, 
there being a perfect correspondence one with the other, just as a perfect 
knowledge of the femur will mform us whether a bird could swim, or only 
ran or walked." 

And this, he thinks, may be done even from a fragment of a bone, 
" after we have acquainted ourselves with the general principles by 
very numerous and exact observations." 

** In the coracoid, for instance, the ordinary disposition of the Haversian 
tubes would be longitudinal, braced more or less, because that woidd be 
the best arrangement to resist the powerful action of the pectoral muscles. 
. . . The ulna of the razor-bird and guillemot is more reticulated than 
would primarily be expected in the wing of a bird when the secondary 
quills are so very weak ; but then it must be considered that those birds 
use their wings much more like fins when under water than as instruments 
of flight," etc. 

Having so far grappled with the general features of the micro- 
scopic characters of birds, Mr. Dennis takes up the microscopic 
structure of Pterodactyles. It must not, however, be forgotten that 
we are quoting an author who w^as amongst the first to investigate 
the subject, and whose painstaking and details are therefore the more 
worthy of credit to himself, and useful to the atudent, from their 
elaborate minuteness. 

** The Pterodactylus longirosiris perhaps affords us the most perfect 
means of studying the singular proportions of its skeleton. A larger and 
less perfect, but exceedingly useful one was discovered by Miss Anning, 
at Lyme Regis, . . . now in the British Museum. Also portions of the jaws 
of a very large kind have been discovered in our Chalk formation, with 
other bones, now supposed to have belonged to a similar animal. From 
these specimens we learn that the animal was a true Saurian, apparently 
adapted for flight and for arboreal and terrestrial movements, and instead 
of possessing, like the bat, an extension of all the fingers, it had only one 
prolonged, the others being used in progression. . . . We may suppose that 
the Pterodactyle in some degree in the use of its limbs approached the 
frog ; we may also . . . that the muscular development of tne fore arm of 
the Pterodactyle was something between that of the bat, frog, and bird. 
The presence of quills in the bird has evidently materially affected the 
muscular development of the fore-arm ; as also their being bipeds involved 
a greater development of the muscles of the leg. ... In the Pterodactyle 
the strain upon the bones of the wing would be principally in the long 
direction, there being no lateral pressure from feathers Ibeing attached to 
the bone. In the bird . . . the Haversian tubes vary according to the 
shape and uses of the wing, but there is no reason to suppose that such 
variations would be required in the Pterodactyle. In the !rhalangers they 
extend longitudinally ; we may therefore suppose that such was the case 
in the Pterodactyle. . . . 

" Next, with regard to the lacunae, of what shape woidd analogy teach us 
to expect them to be in the Pterodactyle P Surely long pointed ovals ; as, 
indeed, they have been so figured, only the mistake made was in supposing 
such a shape was peculiarly characteristic of the Pterodactyle, whereas the 
shape of thelacuna is characteristic of no class or order of vertebrate anim&ls. 
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but is only connected witli the requirements of the bones of the animal, 
and may be long or round in the same animal as occasion requires." 

After writing the above remarks, Mr. Dennis received from Mr. 
Henry Catt a portion of bone from the chalk of Brighton, which 
exhibited precisely these characters. Writing of it, he says : — 

" The Haversian tubes are principally longitudinal ; the lacunae are long, 
like those on the bill of the pelican, — and, indeed, the Haversian tubes 
may nearly compare, especiallj' in size. There is, however, a peculiarity 
I was not prepared for, having observed it in no bird-bones, though I have 
noticed something like it in the frog. It is the way in which the 
lacunae cross.* There appears to be a set running longitudinally, and a 
set above them running in the opposite direction, which ^ves a very 
marked and peculiar character to the bone, and makes me tmnk the bone 
from the Chalk, and which is a hollow bone with very thin walls of a pe- 
culiar texture,t is Pterodactyle bone. Another thing confirms me in tnis 
view : the canaliculi are not numerous, like those of birds (fig. 7 and 14) ; 
if so, this is a further confirmation of those general principles I laid down 
in a previous paper on the characteristics of bone, — the Pterodactyle, 
thougn it could fly like the bird or bat, yet showing its saurian characters, 
both outwardly and inwardly in its bones." 

Mr. Dennis then takes up that topic with which we are now most 
interested, — a bone from the Stonesfield slate, which he assigns to the 
class of birds. The fossil bone which Mr. Dennis submitted to exa- 
mination was selected from several other supposed fossil bones of 
birds from that stratum, belonging to Mr. Adams, of Buriton, Peters- 
field. It was selected as one of the greatest interest, from its strik- 
ing similarity in structure to the humerus of the heron. It belonged, 
according to Mr. Dennis, to a smaller kind than our common heron, 
and appears from a drawing which, with some fragments only of the 
bone, was all that he received, to be the distal end of the humerus of 
the heron. The bone possesses " quite the texture of bird-bone in 
its outward appearance, and is decidedly different from that of the 
Pterodactyle from the Chalk, which looks rather silky, an appearance 
apparently caused by fine lines on its surface, which the bird-bone is 
free from. The vertical section of a portion of this bone gives the 
following characters : — 

" Haversian tubes for a bird of moderate thickness ; reticulate, but 
without any precise form or size in the loops, but rather a marked irregu- 
larity is shown, some appearing square, others triangular, others oval, — 
in fact, of all shapes and sizes ; sometimes they somewhat interlace ; they 
do not entirely maintain a uniform diameter, the reticulations are inclined 
to form combinations, which produces a variety in their appearance, some- 
times two or three of a similar shape and size uniting. The lacunse are 
numerous, small ovals and round, but more pointed ones than round. 
The canaliculi are fine, much branched, and very numerous." 

That this is the bone of a bird, from the evidence adduced, Mr. 

* In a footnote, Mr. Dennis says he has observed something like this crossing in the 
skulls of some birds and in the bone-plates of the Armadillo. 

t Such are the familiar characteristics of the known Pterodactyle bones from the 
Chalk and Jurassic strata. — Ed. Geol. 
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Dennis thinks there can be no doubt ; and he therefore proceeds to 
attempt to discover what kind of bird it might have been. " We have 
no reason," he says, " to suppose it belongs to the Eaptores, for it 
does not exhibit their peculiarities of structure, the Haversian tubes 
being peculiarly large in the diurnal birds of prey. Neither did it 
with much probability belong to the CorvidsB, for in them they are 
finer and more reticulate ; still, neither did it belong to the Colum- 
bidsB or the gallinaceous family/' All the goose, duck, and gull tribes, 
with the divers, perhaps mergansers or cormorants, may also be ex- 
cluded, for they are reported, as far as Mr. Dennis has examined 
them, to have marked distinctions. By this process of separation, Mr. 
Dennis narrows the field of research, and " leaves us with the cranes, 
herons, egrets, and bitterns, and birds of that description,'* to dis- 
cover a living representative of this ancient bird. He then attempts 
to show that " our common heron exhibits a very marked agreement in 
many particulars." **The bones of the heron, like those of other 
animals, exhibit a varied adaptation of their Haversian tubes, and 
certainly do not compare with the fossil in some of them, — as the 
tibia, for instance ; but in the humerus there is a very great similarity, 
more so than in the ulna or radius. The Haversian tubes in the 
humerus appear to be constructed on the very same plan, so that a 
description of the one would be a counterpart of the other, only they 
appear rather larger in the heron. The lacunae have also the same 
shapes, with nearly the same admixture of round ones, the heron 
appearing to have a greater number. The Canaliculi also per- 
fectly agree. Supposing the fossil bone to have been a humerus, 
its correspondence with the humerus of the heron would indicate 
tliat its wing was similar in shape, and its mode of flight correspond- 
ing." " Should further investigations," Mr. Dennis concludes, '* sub- 
stantiate this surmise, it will be another triumph of the microscope 
in the field of science." To these remarks Mr. Dennis adds 
" Addenda," which contain excellent remarks for obtaining exam- 
ples of, and preparing bone-structure for microscopic examination, 
that may be read with much benefit by students and others interested 
in this subject. 

Mr. Dennis's paper is accompanied by a plate (Micr. Journ. vol. 
V. pi. vi.), in which the following figures of microscopical sections 
are given: — 1. Pteropus ; humerus. 2. Bat; phalanx. 3. Flying 
Phalanger ; tibia. 4. Draco volans ; ulna. 5. lied-throated Diver ; 
tibia. 6. Swift; furcula. 7. Mr. Catt's fossil (Pterodactyle) . 8. 
Pelican ; bill. 9. Stonesfield fossil, vertical section. 10. Ditto, 
transverse section. 12. Heron ; humerus. 13 a. Heron ; humerus. 
h, Stonesfield fossil ; lacunae. 14. Mr. Catt's fossil (Pterodactyle) ; 
lacunse. 16. Heron ; lacunae. 17. Gannet ; humerus. 18. Ditto ; 
coracoid. 19. Ditto ; furcula. 20. Ditto ; femur, vertical section. 
21. Ditto ; femur, transverse section. 22. Ditto ; tibia. 23. Ditto ; 
tarsus. 24. Ditto ; rib. 

Of these, we have reproduced in our Plate V., as essential to the 
understanding of Mr. Dennis's arguments, fig. 9 to 16, namely the 
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two vertical, and the transyerse sections, and the lacunaB of the Stones- 
field fossil ; with the sections of the heron and Pterodactyle bones 
for comparison. Of these figures, 13, 14, 15, 16 are magnified 300 
diameters ; the remainder 75 diameters. 

{To he continued.) 
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Human Remains and Flint Hatchets. 

SiE, — Some weeks ago, in passing hurriedly through Normandy, I 
visited the museum of the ancient town of Bayeux, and was surprised to 
see in the same glass-case several flint-hatchets, etc., and various human 
bones. I anxiously made inquiry of the ancient librarian in the room, 
who, with sparkling eyes, gave ready utterance to his satisfaction at roy 
notice of the contents of the case, and entered fully into a relation of their 
discovery ; of which the following is the substance of a lengthy communi- 
cation to the editor of * L'^ficho Bayeusain * of the 24th July, 1863, by jfid. 
Lambert St.-A. Duvant. I am unaware whether this paper is known to 
the British geologists ; if it be not known, perhaps you wiU publish this 
communication, and draw attention to this locality ; for it appears to me 
that this discovery, if fully verified, supplies the desideratum alluded to 
by Sir Charles Lyell in the following passage : — " It is naturally a matter 
of no small surprise, that after we have collected many hundred fiint-im- 
plements (including knives, many thousands), not a single human bone has 
yet been met with in the alluvial sand and gravel in any of the parts of 
Europe where the tool-bearing drift of the Post-Pliocene period has been 
investigated in valley deposits.*' (Lyell, * Antit^uity of Man,* p. 144.) 

Augustin Gilbert, a labourer, was occupied in excavating earth for the 
repair of a road (in the month of March, 1863), near the hamlet of Pont- 
itoch, on a portion of the territory of " D'Andrieu, called Les Perrelles,** 
close to the banks of the river Senile ; and at the depth of 1 foot 10 inches 
below the surface, he discovered the remains of a liuman skeleton, near 
which was found a deer horn, lying by the upper part of the femur, and 
higher up, towards the skull, two flint-hatchets close together ; a tusk of 
an old boar, measuring 5^ inches in circumference, and a portion of a flint 
knife, of which only 3^ inches remain of the blade, which is slightly curved 
at its upper extremity, is still very sharp on both sides ; one face is flat, 
the other has two longitudinal grooves. The flint-hatchets are coated with 
an opaque substance ; they are of different dimensions, quite polished, and 
worked with remarkable skill ; the strongest is 6 inches by a width of 2| 
inches on the cutting edge, diminishing to 1:^ inch at the other end. The 
smallest, 4f inches long, with 1\ inch on the cutting edge, reducing to 
•f of an inch at the other end. The knife is of the same class, as regards 
the working of the material. The human remains are in a good state of 
preservation ; one part of the maxillary bone contained seven perfectly 
sound teeth. The body was lying with its head towards the rising and the 
feet to the setting sun. 

I am, Sir, yours faithfully, 

Pateick Fejlser, M.D, 

63, Grosvenor Street^ Orosvenor Square, 
December 12th, 1863. 
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Geologists* Association. — The first meeting of the present sessioa 
was held, November 3rd, at the rooms of the Medical Society of London, 
George Street, Hanover Square, whither the Association has removed. A 
paper was read by Mr. Carter Blake on " Fossil Elephants," which elicited 
some very interesting remarks from Mr. Charles worth, Mr. Cresy, and 
Professor Tennant, the President. Mr. Evans then read a communication 
on the geology of the railway -works in the vicinity of London, and illus* 
trated his paper by an exceedingly interesting suite of fossils. 

Manchesteb Geological Society. — The twenty-fifth Annual Meet- 
ing was held at the Museum, Peter Street, on the 29th October last. The 
Beport showed the Society in a very prosperous state. 

The following' gentlemen were elected office-bearers for the ensuing 
year : — President : Andrew tnowles, Esq. Vice-Presidents : E. W. Bin- 
ney, F.E.S., F.G.S., Sir Jas. P. Kay -Shuttle worth, Bart., F.G.S., Joseph 
Dickinson, F.G.S., W. Eoby Barr, Esq. Treasurer : Mr. Henry Mere 
Ormerod. Auditors : E. P. Greg, F.G.S., Mr. James Hertz. Honorary 
Secretaries : John Atkinson, F.G.S., John Edward Forbes, F.G.o. 
Honorary Curators: Mr. E. W. Binney, Mr. H. M. Ormerod. Council: 
Mr. Thomas Ashworth, Mr. John Bradbury, Mr. Joseph Chatwood, Mr. 
John Cross, Mr. Thomas Farrimond, Mr. Joseph Goodwin, Mr. G. C. 
GreenwcU, Mr. J. J. Horsfall, Mr. Clegg Livesey, Mr. George Peace, 
Mr. John Taylor, Mr. John Wild. 

Representatives of the Society at the Council Meetings of the Natural 
History Society — Mr. E. W. Binney and Mr. Alderman Harvey. 

South Shields Geological Club. — The anniversary meeting was 
held on the 13th November. In addition to the independent investiga- 
tions of members of the South Shields Geological Club, the Club have 
found it exceedingly interesting and insti-uctive to pursue, during fixed 
winter evenings, a systematic and practical examination of geological phe- 
nomena, for which the numerous lithological and fossil specimens in tneir 
possession, or procured during various explorations, have supplied ample 
«nd admirable materials for comparison and illustration. 

The important advantages that have been already derived from the es- 
tablishment of the Club, have abundantly demonstrated the great value of 
the application of the co-operative principle, even to the active pursuit of 
natural science. 

The President's Address referred to some points of geological interest 
connected with the ground traversed during the preceding season, and in- 
dicated the special departments that would occupy consideration during 
the one now approachmg. 

The coal-fields of Durham and Northumberland are traversed in various 
directions by Basaltic dykes, which at several points are exposed, and good 
opportunities afforded for observing them. The most remarkable of these 
igneous masses in the North of England is the great whin sill, so named, 
in contradistinction to whin dylce, on account of its stratiform character, 
and general conform ability to the stratified beds on which it rests. It is 
composed chiefly of Greenstone and Basalt, and extends from Brough, in 
Westmoreland, to within a very few miles of Berwick-upon-Tweed. It is 
generally of one stratiform mass, but sometimes two, and even three, strati- 
form beds occur. The course of the whin sill, from the Pennine range, is 
in a north-easterly direction, and after crossing thet North Tyne appears 
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at Bavin^ton, and on the east roaflt at Dunstanlrargli Castle, where it 
fomiH a lii^Ii cpcarpinont facini; the flea, and affords the 'very best oppor- 
tunity for ohsur\'inK tlie vertical columnar structure which it here assumes, 
with the uHual lateral jointings. It again appears at Bambui^h Castle and 
the Fame Islands ; at the former, the columnar masses incline to an angU 
of forly-five dcKrocs, as at Uoly Island, where it is again seen, and thence 
proce€*ds to the Kylo<^ hills, six miles northward from Belford. 

To account for the introduction of the whin sill into the limestone stnti, 
two th«>orics have been advanr*ed. Mr. Hutton maintained that the &<> 
sal tic luva was ])oured out on the bed of the ocean, at one or more periodi, 
during the deposition of the limestone strata, and thus became inte^ 
Ktratified amongst them. Professor Sedgwick, on the other hand, eILte^ 
tniuM the opinion that the eruptive lava, during a later period, foreed ib 
way into the ]>rc\noufl]y deposited rocks, along their surfaces of stratifici- 
tion, and thus elevated the whole mass of superincumbent strata. 

Each hypothesis encounters its own peculiar difficulties while endeav(m^ 
ini; U) account for all the phenomena. From his own observations of the 
whin sill, which have been confined to its more northern course, the Fre> 
sident was led to adopt, in preference, the hypothesis of Hutton. The 
force required to have horizontally opened and intruded so lai^e a mass 
of igneous matter into the limestone beds for so many miles would be 
enormous, and was almost certain to have dislocated and greaUy broken 
the HU])erjacent strata, and to have intruded dykes and veins of Basalt in 
all directions into the adjacent fissures. Dislocations evidencing great 
violence in their production, and the intrusion of Basaltic masses, how- 
ev(T, are nowhere observable. Of the numerous faults that traverse the 
northern coal-field, two may be seen in our immediate neighbourhood, 
namely, the dyke in Tyncmouth Cliff, and the ninety- fathom dyke near 
Cullorcoats. The latter is of much geological interest, arising from the 
vast dislocations and remarkable downthrow of the strata it has effected 
along its whole uninterrupted course of one hundred and thirty miles. 
This great fault begins at the northern termination of the Pennine chain, 
and runs eastward to the sea-coast at CuUercoats, and has caused a relative 
depression of the limestone strata on the north, estimated at some points 
at not less than two thousand feet. The depth of the downcast, however, 
varies much at different places : at CuUercoats it is nearly fifty fathoms. 
The fault can bo best seen and studied at CuUercoats and Whitley, for 
here it Ims dislocated not only the coal-measures, but also the Lower Bed 
Sandstone and the magnesian limestone of the Permian series. The beds 
are invariably depressed on the north side, and dip towards the fault, the 
piano of the dislocation being about fifty -nine degrees. The surface of 
the overlying sandstone is marked along the dip of the fault by numerous 
parallel ilutings made by the intruded mass, affording the dearest evidence 
of the great violence with which the displacement was effected. The 
course of the dyke from CuUercoats to Grosforth is W.N.W., thence 
W.S.W. across the Tyne about three miles above Newcastle, and thence 
W. to Brampton, where it bends in a nearly S.E. by S. direction to 
Brough ; from Brough to Wild Boar Fell nearly S. W ., and thence to 
Graygarth, S.S.W. ; from Graygarth to Wharfdale, E.S.E., turning a 
little more eastward as it approaches the Wharf. The geological age of 
this great igneous eruption seems pretty accurately indicated. It divides 
the lower Permian beds at CuUercoats, but does not appear to have dislo- 
cated the Triassic Bed Sandstones in its western course. It must, there- 
fore, have been intruded either about the time of the deposition of the 
middle, or of the upper, beds of the magnesian limestone — certainly not 
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later tlian the deposition of the latter. The course of the Basaltic dyke 
seen in the cliff at Tynemouth, where it passes into the Permian Lower £ed* ' 
Sandstone, has evidently a westerly direction, but it has not been traced ; 
its relations, therefore, are not precisely known. In mineral character it 
is a compact labradorite. 

Having thus briefly adverted to a few points of geological interest con* 
nected with the ground traversed during the last winter evening meetings 
of the Club, it only remains for me to indicate the departments of geological 
inquiry to which our attention will be directed during the present season. 
The coal-measures will receive our first consideration, more especially as 
they immediately succeed the Devonian system, which has already re- 
ceived some considerable attention. The fauna of the formation, as we 
shall see, acquires still further development, in harmony with the general 
law of progression that regulated the introduction of organic existences 
jfrom the Cambrian epoch, through all the succeeding periods, to the close 
of the Tertiary, when it culminated in man. It is a curious fact that not a 
single species of the singular bone-encased fishes of the Old Bed Sand* 
stone survived the close of the Devonian period, these fishes not having a 
single representative in the coal-measures. Seeing the period of transition 
from the one to the other was apparently quiescent, free- from violent or 
sudden upheavals of the earth's surface, to what causes are we to attribute 
their extinction P * The flora of the Carboniferous system is its distinguish* 
ing characteristic, and its exuberant vigour is very remarkable when com* 
pared, or rather contrasted, with the paucity and apparent feebleness of 
the preceding Devonian vegetable forms. The Permian series, another 
local formation, though not so important, in an industrial point of view, as 
the Carboniferous, is, nevertheless, one of considerable interest. The at- 
tention of the Club will also be directed to this series, the last of the 
Palseozoic divisions. The formation is so well developed in our immediate 
jieighbourhood, that frequent opportunities will arise for examining to* 
gether the many excellent sections of the strata it contains. 

In conclusion, the President congratulated the members of the Club on 
ilie vigour and success that had hitherto characterized their operations, 
and on their enthusiastic devotion to scientific investigations at once so in* 
structive and entertaining. 
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GEOLOaiCAL NOTES ON THE COUNTRY NEAR MELBOURNE- 
VICTORIA. 

By Thos. Harbison. 

Australia offers both advantages and the reverse as a field wherein 

geology may be studied. Mesozoic strata being absent, or very sparingly 
eveloped, the variety of fossils is not extensive ; but some of the pheno- 
mena observable are by no means devoid of interest. 

The very limited portion of the Australian continent which I purpose 
describing is delineated upon sheet number 1 of the geological map lately 
issued by Mr. Selwyn, — a reduced sketch-copy of which is enclosed with 
the present communication (PL VI.). 

By this map it will be seen that there are at least three classes of 
strata to be noticed — Silurian, Tertiary, and Volcanic. The site of 
the Victorian metropolis, together with the suburban townships, com* 
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Fig 1— Tlieshadedpoiton 
the very dark lint Grsnile tbe dotted 
'Tertiary and Tertiary cot red by basalt 
JTie references ore ^1 \rthu St 2 
Mt. Martha. 3. Mt. Eliza, i. Yowauga. 



Sxjportiona Melboarae proper 
the exception of ita extreme 
western portion wtich is situate on 
an older lolcanic formation is built 
almost nhoUj upon May Hill sand 
stone; and aoil laminated shales 
Tlie whole of this stratum has evi 
dently been subjected to immense 
disturbance it being a raattir of no 
little difliculty to diaeover a patoh 
manv yards m extent within which 
the beds even approach to a hon 
zontal positun The general ineli 
nation of the stratification more 
often verges on the perpendicular 
whilst numerous contortions folds 
anddoublings — theupper edges bein^ 
cut away by denudation at the same 
time that the lower are hidden far 
below the exposed portion — offer an 
interesting but withal most difficnlt 
problem to the geolo,^cal student. 
Very many of these contortions 
may perhaps be explained by the supposition of alternate elevations and 
"depressions, but not a. few are ho intricate as to provoke queries by no 
'means admitting of an easy ansiver. 

■ In some of the yet iinpaved streets of the metropolis, for example, pro- 
tradiDg edges of the shales resemble the piles of slates, seen from above, 
in a stone-mason's yard. Opposite the Supreme Court, several bends in 
'the strata suggest tue idea of a loosely -bound book forcibly pressed toge. 
ther from the two ends ; tlie inner and concave aide being puckered up, 
'whilst the outer curve is correspondingly stretched and fractured. In a 
■fine section afforded by a cutting in Studloy Park, tbo beds are nearly rer- 
"tical, leaning towards each other above a pretty clearly developed anticlinal; 
such anticlinal, however, would seem rather to have been caused by lateral 
compression than by simply upheavingforcesactingfrom beneath. At Keilor, 
atownshipiiboDttenmilesonthe 

. _ road to Castlemaine, a. natural 

'^"^^r'^T'-^K^T^'C- section displays contortions not 

■ ■ ■ ■' ' • - "~" unlike the letters reversed and 

placed horizontally (part of this 
curve is shown in the annexed 
sketch. Pi. II,), traces of the 



bi'nd being distinctly visible oi 
the opposite sides of the valley, 



— one of denudation, — at least 

. ,s. ^. -Bend in strata at Keilor, opposite aide ^00 yards distant. And on re- 

, of valley to that i-cpresented by ri- II., and near moving the surface of Colhpa 

, the ipot B-bence tbe latter waa takcD. Street eight or nine years since, 

arrangements similar to tlie 

eround plan, Fig. 3, presented themselves, none of which seem capable of 

, being accounted for by simple geological forces acting verticallv. 

A somewhat remarkable feature of the strata referred to, is tte frequent 
protrusion of Elvan dykes. Several of these masses are represented on 
the map by vaving lines. From the condition of the closely adjacent 
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iwkg, these djkeB would aeem to have been thrown up in a heated state 
Tliey occur in majiy places, but being eenerally denuded down to the level 
of the amrounding rocks, traces of their existence are only discoverahle by 




- Fig, 3. — View of the slratn near the jiinction of ColliDaand RubmII Streetli. I am in- 
debted for the ibelvh to s pn|i«r rend by M. BlBndowalii before tbe Bojal Society of 
Victoria. The ekekh represenU the wirfaue as toolitd down upon from sbore, 
the accidental labours of I he 'quarry man. The fact that these (the dykes) 
are of an ancient date is most satisfactorily shown by numerous palatozoic 
conglomerates being evidently formed from these eroded materialfl, and 
from their being seen to penetrate the Lower Silurian rocks, whilst the 
npper beds of the same formation rest perfectly undisturbed above. 

Another feature worthsr of notice is found in the quantity of qnartB 
veins with which the Silurian beds are penetrated. Tne black hues re- 
presenting these, all having a nearly meridional strike, is quite a feature 
on maps of the districts wherein they abound. On the diggings, such 
veins are, as may be supposed, auriferous ; but quartz ia found in many 
localities wherein no trace of gold can be discovered. The sandstones of 
Studley Park, east of Collingwood, are often singularly intersected by this 
mineral, some of which, even in this locality, would seem tocontain specks 
of the preeious metal, since gravel brought from tbe neighbourhood often 
displays gold iu minute portions. I may mention that the Collingwood 
Mining Company are sinking a shaft through the " blue stone " (basalt) 
-for the purpose of testing the bottom covered by the detritus of these 
-rocks, and are sangnine of success. 

.. The fossils in the Melbourne Silurian formation are tolerably nume- 
rous ; but althougli many of the beds contain a profusion of marine eiuvia, 
literally cemented together, like pebbles in a conglomerate, others are 
apparently barren of all vestiges of life or its evidences. Such a state of 
things would seem to tell of periods of repose and subsequent convul- 
sions, long ago, when life became marvellously abundant, followed by 
others equally extensive, during which every moving thing came to b^ de- 
stroyed, and when only tliiok beds of sand, fine clay, and dense impalpa- 
ble mud accumulated in sea-bottoms untenanted by a single organism en- 
dowed with life, unenlivened by even a vegetable iorm. 

As avoiding such a theory, I am reminded of an hypothesis pnt forth 
by the late Hugh Miller, that in somewhat similar barren rocks alterna- 
ting with a profusion of organisms, the shells had probably sunk by gra- 
Tity through the quicksand surrounding them, and that tbe fossiliferous 
beds so formed had subsequently been cleared of the remaining sandy 
particles by the gradual percolation of water through their midsll. The 
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particular conglomerates I am describing would, howeyer, appear to m^ 
sent somewhat different conditions, the barren portions being at the bot- 
tom and the shelly masses forming the upper stratum, — sugsestiye, per- 
haps, that the shells, being light and comparatiyely large, took a superior 
position, whilst the more weighty sand was washed or snaken through, on 
the principle that causes the larger and unbroken biscuits, if I may be al- 
lowed the simile, to occupy the upper part of a cask, while the dust and 
''midshipmen's nuts " lust as assuredly seek the bottom. 

In consequence of tne foldings and contortions to which these Silurian 
beds. have been subjected, as may be supposed, a great variety, both of 
fossils and lithological characteristics, are crowded into a comparatiYely 
small space. Near the Botanical Gardens, situate on the southern banks 
of the Yarra-yarra, and not far removed from two of the Elvan dykm 
marked' on the map, the strata are composed of soft micaceous sandp 
stone, generally friable, and apparently much broken up and dislocated by 
past convulsions. 

The fossils in this locality are numerous, but small in size ; Orthids, 
L^ptsBnse, with a kind of spiral univalve, probably a Euomphalus, being 
the prevailing types. Close beside the bed!s wherein these organisms pre- 
vail are others destitute of fossils, but containing nearly spherical bodies, 
of perhaps half an inch in diameter, and generally having a badly defined 
stem-like projeqtion on one side, the stem being sometimes continued foi 
several inches, until ultimately lost in the surrounding matrix. On being 
newly fractured, these bodies appear of a fine lake colour, mottled with 
lighter tints, but fade and become dim after a few days' exposure to ligM 
and air. They are not yet named in the University Museum, although 
some few are therein exhibited. An infiltration of peroxide of iron and 
manganese may perhaps account for both the colour and the phenomenon; 
but it is questionable whether these latter substances may not have been 
attracted by some animal or vegetable remains forming a nucleus, whieh 
has since disappeared. 

In a quantity of stones recently excavated from a sewer communicating 
with, the Parliament Houses and Treasury — a manor particularly poached 
over by myself — I have met with Holopellse (P), Orthidse (very small), 
Cuculella) (the shells still attached to eacn other, but generally open and 
filled with the surrounding stone), broken fragments of an Orthooeratito 
with transverse corrugations, Trilobites, and Creseis Forbeni, These 
latter pteropods, I believe similar to a species now found in the Mediteiv 
ranean, are especially numerous. The general size is I| to 2 inches, alb* 
though one specimen, unfortunately fractured, must have been i^arly b\ 
inches in longitudinal dimensions. 

The above are nearly always found in the soft sandstones of the locality, 
whilst the shales of the same place contain large quantities of a speeies (i 
worm many inches in length, which I do not find depicted in any work on 
the Silurian deposits in my possession. 

At Carlton Butts, about 1^ mUe north-east of Melbourne, the fossils, 
-although thinly scattered, are remarkable for being in a remarkably fine 
state of preservation. Shales and sandstones predominate in this locality 
also, bat are much harder than in the place last described. A peculiarity 
of the fossils found in this spot is their singularly rich colouring when 
only recently obtained. On laying open, at a single blow of the hammer, 
a mie specimen of the tail portion of an Asaphus (H), as it appeared a 
beautifully sculptured and lake-tinted object on the cream-coloured mass of 
surrounding stone, I almost thought the fossil some new species of moth or 
butterfly miraculously imprisoned in a rocky matrix. The colouring is n^t 
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confined to particular or^^isms, but is due probably to the same causes 
iw are the colours of the fossils in the Botanical Garden quarries. 

Moonee Ponds is, and perhaps will long remain, the most plentifully 
stocked preserve for the Melbourne collector. The prevailing rocks are 
shales and sandstones, the latter, in many places, being literally made up 
of marine exuvia, matted together, organism upon organism, in such a 
manner as to render the extraction of a perfect fossu a matter of some 
little difficulty. 

The general custom of these beds as depicted on both maps, but more 
especially that which shows the surrounding country on a smaller scale, 
present an outline peculiarly suggestive. It will be observed that the 
Dorders of the formation are turned principally towards south and westerly 
points of the compass, the eastern bouildary abutting against the granitic 
and porphyritic masses of the Dandenong ranges. Seen alone, as there 
represented, the above fact might be deemed hardly worthy of remark ; 
but the bold cliff-like escarpments which form the outline in many places, 
such escarpments having almost invariably a south or westerly aspect, 
Suggests the cause, and tells of strong currents, oceanic action, and a steep 
and rocky shore exposed to the full niry of an extensive and stormy waste 
of water. Near Melbourne, in Studley tark, overlooking the flats of Rich- 
mond and Collingwood, the feature alluded to is strikingly apparent^ 
Standing on the lower ground, the resemblance to a precipitous coast is 
especially manifest; whilst gazing from the summit, one is almost inclined 
to fancy the many undulations of the ground below are the arrested bil- 
lows of some ancient sea. At times, as a thick fog covers the plain be- 
neath, and when the higher portions of city and suburb just peep out of 
the mist-like islets, the old and fancied state of things seems realized ; 
whilst from the Tertiary beds below and their wide extension, almost uni- 
Tersal in a south- westernly direction, save in the case of a few granitic 
masses. Mount Eliza, Mount Martha, Arthur's Seat, and the Yowangs, 
the student well knows that the time could not be geologically far distant 
when the waves, breaking near the spot whereon he stands, came rolling in 
from an expanse of ocean uninterrupted by land, rock, or island, nearer 
than the Falklands or the Horn. 

- Tertiary deposith are developed te a great extent over the whole of 
Australia, and are well represented in the Melbourne district ; more so, 
in fact, than appears upon the map, since they both overlie and underlie 
the basaltic lavas, and besides cover with a thin capping in many places 
the upturned edges of the elder Silurian strata. 

A tolerably sSod view of the Upper Tertiary beds can be obtained by 
following the line of the Melbourne and Brighton railway, along which, 
after the first few miles, where Basalt and outlying patehes of Silurian 
■rocks are traversed, some thick beds of the newer Pliocene are exposed. 
'In a cutting near Chapel Street station, three or four miles south-west of 
Melbourne, a junction of the older with the newer rocks discloses a somewhat 
instructive section. The Silurian beds had there formed an abrupt coast- 
line, or at least an uneven and rocky bottom, and upon them rests in un- 
conformable stratification the Tertiary sediment above, — forming a number 
of thin beds, gradually growing less and less curved, until attaining 3 or 4 
feet in thickness, when all traces of the uneven bottom is lost by the suc- 
ceeding deposits being thrown down in nearly level lines. 

From this point on the line the same Tertiary beds are exposed in each 
succeeding cutting as far as Brighton, a suburban watering-place eight miles 
from the metropolis, on the shores of Port Phillip Bay. On the beach neai 
Brighton, small outerops of Lower and ferruginous Pliocene beds Aral 
present fJiemselves, and, pursuing the line of coast, these are found gra- 
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dually iDcreasing in thickness until a cliff is exposed some 50 to 80 feet 
high, formed of the first-mentioned beds above, and the latter lying in con- 
formable stratification at the base. 

These latter beds are somewhat remarkable near this place (Pic-nic 
Point) for being filled with a vast number of tubular-shaped bodies, covered 
on the outside with warty excrescences. These tubes vary in size from 
the thickness of a straw to that of a man's wrist. Within them there is 
generally found a core, easily removable by a little gentle pressure. The 
outside of the tubes in question being^ harder than the other portions of 
the strata, they, of course, resist the action of the waves more saccessfolly, 
and stand out from the containing matrix in singularly bold relief; often, 
when half imbedded, reminding one of some huge chiton clinging, forbtre 
life, to his stony habitat, upon which he has been left high and dry by the 
receding tide. Although bearing a very strong resemblance to fossils, the 
appearances witnessed are generally regarded by local geologists as due 
to the decomposition of hematite, with which the same kind of rock is 
known to abound. 

The upper beds in this particular spot, represented by a soft arenaceous 
stone, do not appear to be lossiliferous, but also con tain certain tabular bodies 
— ^very different, however, from those last mentioned — ^generally traceable 
ibr many inches at a time, and of a chalky appearance. Having for* 
warded a small hand-specimen to the S«v. J, E. Woods, of Penoia, that 
gentleman suggested they might be a species of fulgurite due to the ac- 
tion of lightning, — a theory which seemed to be especially favoured by 
the tubes l)eing m variably found in the higher portions of the strata, and 
nowhere traceable at a few feet from the surface. Subsequent observation 
has, however, would seem to show that these appearances must be referred 
to a far less romantic origin than " the fire of Jove ; " in fact, on exami- 
ning them more closely, many appeared to be filled with a black and 
crumbling substance resembling decayed vegetable matter, and on search- 
ing still further, I discovered one in which a piece of wood, evidently the 
root of a shrub or tree, was still contained. Since then I have met with 
similar specimens in Melbourne among some Tertiary rocks near the gad, 
and also at Northcote, where a thin capping of newer Pliocene deposits 
rests on the Silurian strata. In this latter instance I observed many re- 
cent roots, running downward into the loose rock almost perpendicolarij, 
around which the sand and fine gravel appeared to be invariaoly hardfflied 
into a cemented pipe-like mass. Having tested these tubes with muriatic 
acid, I should not expect them to contain lime, as I once supposed. 
More probably, the potash in the wood combining with the surrounding 
quartzose sand, has given rise — first to a solution, and afterwards to a de- 
position of siliceous particles. 

Much of this district, near Brighton, is covered on the surface by depo- 
sits of shells several inclies in thickness, wherein Cardium, Turbo, Trochus, 
Haliotis, and other species having representatives in the adjacent sea, aro 
found in great abundance. In some places, these shelly deposits, being 
mixed up wdth arenaceous matter and small pebbles, by afterwards ptf* 
tiaUy decomposing form a soft, easily broken, shelly gravel or conglome- 
rate, interesting to the youn^ geologist, since he can thus readily traee 
every step of the process which changes the loose sand, unconsoudated 
pebbles, and aggregated shells, into a tolerably firm and stony rock d 
hi^ly fossiliferous character. 

The evidence of these shell-beds goes far to show the very recent up- 
heaval of the surrounding district. A little observation will, however, 
reveal traces of more than one phenomenon of this description, together 
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with a coTresf>onding submersion. At the immediate junction of the 
lately-described Upper and Lower Tertiary beds, for example, not only is 
the upper surface of the latter waterworn, but the rock itself, for many 
feet in depth, is fretted into numerous fissures, subsequently filled up with 
material exactly corresponding with that comprising the rock above ; thus 
a distinct proof is afforded of the underlying rock having formed an old 
coast-line, or at least a rocky eminence nearly awash with the waves, from 
which position the whole afterwards sank sufficiently deep below the 
water to allow of nearly 20 feet of newer strata being deposited at a later 
period. 

Still further proof of these changes of level is afibrded by certain for- 
mations around Geelong, at which place thick beds of limestone, contain- 
ing Planorbis, Lymnea, Paludina, and other limestone and fluviatile shells, 
appear above Miocene and beneath nearly 20 feet of Marine Pliocene de- 

fiosits; thus necessitating an upheaval over a portion of the country 
arge enough to allow of freshwater lakes being formed, and a subsequent 
submersion of the whole district, in order that the marine strata mi^t be 
thrown down. 

These continued elevations and depressions of surface are not a little 
piizzling to the tyro scarce willing to admit the possibility of any such 
phenomenon in a single instance. The district, however evidently vol- 
canic, would appear to have been especially subject to the changes spoken 
of, — a rise generally preceding, and a submersion succeeding, each out- 
burst of lava. Nor is it at all improbable, from recent observations, but 
that the land over the whole of Port Phillip Bay is still rising,* whether 
to be followed by a renewed outpouring of igneous rocks and a fresh sub- 
mersion is beyond the power of science to foretell. 

No account of the Melbourne district would be complete without some 
mention of the Basalt — the hete noire of the miner, the material of half 
our public buildings, the substratum of so many Australian plains, the 
core of so many of our hills, and the allowed source of the colony's fer- 
tility. This particular rock is of various ages ; no less than three different 
intrusions or outflows are traceable on the map annexed. The newer or 
Sasalt proper about Victoria, in vast irregularly -shaped patches. On care- 
ful exploration, these generally show traces of having been ejected in some 
higher portion of the land, tilling up the adjacent valleys with a once 
molten out now solidified mass. At first view, few mineral substances 
would seem less capable of being acted upon by the elements. Yet the 
fertile soil, composed wholly of basaltic clay and sand, together with huge 
boulders, masses left by the decomposition of the rock around them, 
show that so indurate a material is by no means proof against such com- 
paratively weak forces as atmospheric actions. The denuding power of 
water is also strikingly shown where the Merri Creek has cut its way in 
a channel, 60 feet deep, through basaltic beds for many miles. Still more 
remarkable is the denudation of the Keilor Valley. At this place, not 
only has the Basalt been removed, but 20 feet of Tertiary, and from 30 to 
40 feet of Silurian rocks have been cut through also ; thus leaving a 
number of semi-detached hills, each having a base composed of shales and 
Paleozoic sandstones, strangely distorted by ancient convulsive move- 
ments ; a middle portion, formed of Tertiaiy deposits, lyingun conform- 
ably upon the older rocks below, and on their summits a thick capping of 

♦ The * Lightning,' Black Ball liner, lately atruck upon a rock near the Heads, 
which had never been laid down in any chart, probably because the depth at which it 
lay had decreased since making the first survey of the channel. 

VOL. Til. r 
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Spheroidal, and in some places columnar Basalt, — a study to the Victoriian 
geologist, little, if any, less instructive than the trap-surmounted hills of 
Ardeche or the volcanic district of Auvergne. 

Melbourne, September 9, 1863. 



NOTES AND QUEEIES. 



The Gbaham Shoal. — Several notices have lately appeared in the 
* Times ' upon the re-discovery of Graham Shoal, off the coast of Sicily, 
and lying nearly in the track of the mail-steamers running between Mar- 
seilles, Malta, and Alexandria. There had been for several years rumours 
that the shoal had sunk to such a degree as to be no longer dangerous to 
shipping. To verify this, her Majesty s ship Argus, Captain Ingram, was 
sent in October, 1861, and employed for several days in searching for the 
shoal, without success ; and from the report of her survey, supported by 
the opinions of the fishermen of Sciacca and Girgenti, it appeared that the 
accumulation of cinders and scorise that had been heaped up by an erup- 
tion of a submarine volcano, and formed the shoal, nad gradually dis- 
persed. 

When Etna was reported last summer to be in a state of eruption, Mr. 
Almona, of the Penmsular and Oriental steamship Yaletta, mentally 
connected the fact with Graham's Shoal, considering the same causes that 
were influencing the larger mountain might also anect the hidden crater, 
and he determined to give the old spot of Uie shoal a wider berth in passing. 
The late survey of the * Growler ' has found the bank again ; and whether 
the * Argus's * search was in fault, or that it has newly again come to the 
surface, must be a matter of surmise. 

Cbetaceous Terebbatuljb. — One of the species described by Mr. Laii- 
kester in your November number (T. Moutoniana, D'Orb.) is a conmion 
shell in the Lower Greensand of Godalming. Of the other (21 depresset^ 
Lam.), I found a fine specimen at Shanklin, in 1861. The specimen figured 
on PL XXI. Fig. 6, scarcely, however, represents T, depressa, as in that 
species the deltidiimi is in one piece. — C. J. A. Meyeb. 

Wasium has been described by M. Bahr as existing in Norwegian 
orthite, in that of the island of lisenshohm, as well as in the oriJiite of 
Ytterby. He finds it in the state of oxide associated with silica, alumina, 
iron, yttria, ceria, didymia, lime, manganese, etc., but these minerals 
hardly ever contain more than one per cent, of wasa, or the oxide of 
Wasium. A paper by M. Nickles is recorded in the Comptes Kendus of 
the French Academy, in which the existence of Wasium, as a simple body, 
is disputed, and reasons assigned for believing Wasium to be only a com- 
plex oxide, or yttria coloured with a little oxide of didymium or terbium. 

Sections on the Lewisham and Tunbbidge Eailway. — Dear Sir, 
— In the course of last summer a tunnel was commenced on the new hne 
of railway from Lewisham to Tunbridge, in the neighbourhood of Elmsted 
Lane, Bromley, where a very interesting and highly fossiliferous deposit 
has been brought to light. 

A considerable tract of country around Bromley is occupied by a thick 
deposit of rounded flint pebbles in sand, concreted portions of which have 
long been known as the " Bromley Oyster Conglomerate." 
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These pebble-beds are exposed in the open cutting at the south end of 
the new railway tunnel, but no fossils are seen in this section. In the in- 
terior of the tunnel, however, the lower portion of the deposit consists of a 
fine light-coloured pebbly sand and a band of hard conglomerate, both of 
which abound with a very fine species of Pectunculua (P. brevirostris), well 

? reserved. Together with this shell are others, some of which belong to 
iOndon Clay species, others are those of the Woolwich and Thanet sands 
series, and several are, I am inclined to believe, undescribed. 

The following are those which I have been able to name with tolerable 
certainty : — Ostrea Bellovacina^ O. tenera, CaroUum Plumsteadiense, C. 
Lai^toni, Corhula Itegulhensis, C.Arnouldii, Cyrena cuTieiformis, C. cordata, 
C. intermedia, Cytherea, MbdiolaMitckellii, Pectunculus brevirostris (very 
abundant). Area, Avicula, Nucula (new bpecies), Cerithium farwitum, 
C. Bowerhankii, C. JLunnii, Calyptraa trochiformis. Auricula pygm<Ba, 
Fusus latus, F^ gradatus, Melania inquinata, Murex, Melanopsis bucci- 
noides, Natica glaticinoides, iV. subdepressa, Neritina globula, Odostomia, 
Fseudoliva semicostata, Pitharella Bickmanii, Ringicula turgida, Thrna- 
tella, Trophon subnodosum, Valvata, Serpula, Lamna, To these I add, 
with some doubt, Sanguinolaria Fdwardsii, Anomia, Fusus tuberosus, 
Scalaria BowerbanJcii, Neritina concava, Eulima or Bissoa, I also add, 
on the authority of my friend Mr. C. J. A. Meyer, Zucina, Tellina, 
Teredo, Melania (P new species), Melanopsis ancillaroides, Scalaria 
(Pnew species), Fustis (Pnew species), Turritella, Otodus, 

My friend Mr. Bott possesses a fine specimen of Pholas from this spot. 

A few weeks since I directed the attention of Mr. Edwards to this lo- 
cality, and as that gentleman appears to be much interested in these 
fossils, proper notice will doubtless be taken of any new species. 

A deposit of pebbly sand is evidently the production of water having 
considerable transporting power. It is therefore not surprising to find, 
that since the most abundant fossils are of marine species, those of a fresh- 
water or estuarine character, such as Cyrena, Melania, Pitharella, etc., 
are much waterwom. The relative position of this bed is not shown in the 
sections now exposed, as the pebble-beds extend to the top of the hill. It 
is, I believe, about 60 feet above the Chalk, from which fact, and also from 
the general character of the beds, I feel inclined to place it at or near the 
top of the Woolwich series of beds, and not far below the London Clay. 
This is the position assigned by Mr. Prestwich to the conglomerate bed in 
Sundridge Park. 

It will also be interesting to state that the long tunnel at Sevenoaks, on 
the same line of railway, cuts through the Neocomian or junction beds be- 
tween the Weald Clay and the Kentish Eag. At the south end of the 
tunnel clay and stone, with Cyrena, Paludina, etc., are seen in the spoil- 
heaps around the shafts. Following the tunnel to the north (the line of 
the dip of the beds), clays with Cerithium appear, which are succeeded by 
more sandy beds aboundmg in marine foasWs, Area Baulinii,PernaMulletii, 
Corbula elegans, etc. 

Above this bed is a thick deposit of Kentish Bag and Hassock. I hope 
on a future occasion to be able to furnish you with a list of the fossils from 
this bed. — ^Yours truly, Caleb Evans. 

3, Devonshire SiU, ITampstead, 10th December, 1863. 
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MISCELLANEOUS NOTICES. 



The following geological and arcliseological articles appeared in the 
* Dublin Quarterly Journal ' for May last year : — " On the Flint Imple- 
ments found in the Gravel of St. Acheul, and their mode of Occurrenoe/' 
by J. Beete Jukes, F.R.S. ; " Beport of Council of Dublin Greological So- 
ciety for 1862-3 ;" " On the Chemical and Minendogical Belations of 
Metamorphic Bocks," by T. Sterry-Hunt, F.B.S., of the Canadian Survey; 
" Description of an Oak Pile found in the Lake of Greneva/' by Mr. 
Starkey. 

The ' Annales de Chimie et de Physique ' for Au^rost last, contains a 
note by M. Begnault " On an Apparatus for the Fractional Distillation for 
estimating the Venale Value of the Essential Oils which are produced by 
the Calcination of Coals and Schists." 

The ' American Journal of Science ' for November, 1863, contains the 
following articles : — " On certain Parallel Belations between the classes of 
Vertebrates, and the bearings of these Belations on the qnestion of the 
Distinctive Features of the B«ptilian Birds," and " On the Classification of 
Animals based on the Principle of Cephalization," by Professor J. D. Dana; 
" On the Bocks of the Quebec Group at Point L^vis," by Sir William E. 
Logan ; ** Bemarks on the Causes producing the Different Characters of 
Vegetation known as Prairies, Flats, and Barrens in Southern Dlinois, 
with special reference to Observations made in Perry and Jackson Coun- 
ties," by Herr Engelmann, of the State Geological Survey ; " On the 
Earth's Climate in Palseozoic Times," by T. Sterry-Hunt, F.K.S., Chemist 
to the Canadian Survey. Amongst the notices are : — ** On the Phosphatie 
or Guano Bock of the Island of Sombrero," recently described as a new 
species of mineral by Dr. Phipson, under the name of Sombrerite. This 
notice is by M. Julien, a resident chemist at Sombrero, who gives a great 
deal of inrormation about its extent and physical characters, disputes ^e 
accuracy of Dr. Phipson's statements, and asserts that the Sombrero guano 
is as variable in its composition as anyother phosphatie guano, and as little 
entitled to rank as a new species. "Dr. Phipson," he adds, " cannot pos- 
sibly have examined with any care a single cargo, I venture to say not 
even a single ton ; for there is no natursu standard by which a represen- 
tative specimen could be * well chosen* or chosen at all. ' " On the I9'atare 
of Jade, and on a new Mineral Species described by M. Damour," by 
Mr. T. Sterry-Hunt. Geological Survey of Canada : Keport for 1863. 



The following books and papers have heen recently published : — ' List of the £dii- 
noderms sent to different Institutions in exchange for other Specimens, with Annotati(Bii 
on the Characteristics of the Species, Localities, Authorities, etc.* By A. Agassis. 
' Beitrage zur Kenntniss der fossilen Pferde und zn einer vergieichenden Odontogrephie 
der Huflhiere im AUgemeinen.* By Prof. L. Riitimeyer. Basel, 1868. This woAj 
devoted to the fossil horses and related Ungulates, is illustrated with four plates con- 
taining numerous figures. ' Methods of Study in Natural History.' By fj. Agassis. 
Boston, 1863. Originally delivered as oral lectures, and reported in the ' Atlantle 
Monthly.* In the Proceedings of the American Academy of Arts and Sciences, vol 
v., 1860-1862, — "Atomic Weight of Antimony." In the Proceedings of Academy of 
Natural Sciences of Philadelphia,* January to July, 1863, — "Descriptions of Fossils 
from the Yellow Sandstone lying heneath the * Burlington Limestone ' at Burlington, 
Iowa." In the Proceedings of Boston Society of Natural History, — •* Map of North 
America, illustrative of the Distrihution of Land-Shells.** By Mr. W. G. Binney. " On 
the Fossil Crab of Gay Head.** By Mr. W. Stimpson. ** On the Reptile Bird of Solen- 
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hofeu." By L. Agassiz. "Ou the Geographical Distribution of the Sea-Urchin of 
Massachusetts Bay " {Echinus granulans). By A. Agassiz. " Cast of Megatherium set 
up at the Mnsenm of Comparative Zoology, Cambridge, U.S." By L. Agassiz. ** Zircon, 
Corundum, and other Minerals from Greenwood, Me." By A. B. Verrill. " Copper- 
bearing Belt of Canada East ;" and " On the Magnesian Limestone of the Lower Silurian 
series of Prairie du Chien containing Crinoids and Fossil Shells." By C. T. Jackson. 



EEVIEWS. 



The School Manual of Geology, 

By J. Beete Jakes, M.A., IF.R.S., Local Director of the Geological Survey 
of Ireland. Edinburgh : A. and C. Black. 1863. 

If we think it beneath the dignity of Mr. Jukes's position to write school 
manuals, and regret the time spent on such trivial labours by a man so 
capable of better work, it is because, having attained to his present rank, 
and to the command of such powerful resources as fall within the grasp of 
a director of an extensive portion of the British Islands, we had hopea to 
see his whole time occupied in working out the material at his command, 
in a manner alike redounding to his own fame and to the advance of 
science. We have made the like comments on the popular books of other 
eminent Government servants, and therefore these are not meant as per- 
sonally unkind towards Mr. Jukes ; indeed, we are quite willing to admit 
that the book before us is a very nice one, and far more sensible than we 
anticipated irom the title or from the preface when we read in it that ** this 
little book is intended for the use of young persons of fourteen or fifteen 
years of age." The preface, however, further informs that ** it is also offered 
to grown-up persons who have no time for a more extended study of the 
science, with the hope that they may gain from it a fair general notion of 
the scope and nature of that science." The chief diflSculty, Mr. Jukes 
fancies, " the learner meets with in the study of geology, is the want of 
elementary knowledge of the collateral sciences of physics, chemistry, 
mineralogy, zoology, and botany," and he thinks, if these sciences were 
made part of our ordinary education, as they ought to be, it would be easy 
to teach their application to geology. We do not agree with him. The 
first great impediment to the propagation of geology is the want of logic 
and want of certainty of many of its principles ; it has not the same cer- 
tainty of conclusion as mathematics, it has not the self-evidence of experi- 
ments in chemistry, it possesses neither analysis nor synthesis, audit wants 
the efforts of our best men to give its tottermg framework solidity. The 
older workers have thrown in rfuch a lot of nibble, and although geologists 
liave laboured much, it has been isolatedly and independently, every man 
casting his stone on the rising walls as a passer-by would on a Scotch 
cairn, until the edifice has risen to lofty height, but without suificient ad- 
hesion.. There is material enough for the rough work of the cyclopean 
building, but it is as rude as the unhewn-stone forts of ancient North- 
tmiberland, and the cement and the facing-stones are wanted to complete 
its strength and the fineness of its finish. There are other diflSciilties 
barring the general study of geology, time and money, — time to examine 
over extensive territories, money to defray the expenses of travel and of 
collecting. Local geologists working out special areas and subjects may be 
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numerous ; experienced geolo^sts erer must be few. No men pooen 
greater advantages for obtaining and elaborating some at least of the re- 
quired facing-stones of the huge superstructure of geology than the Di- 
rectors of National Surveys, no other men have the means at their disposal 
in time, money, or assistance, still less of obtaining the intercommimi- 
cation with foreign surveys ; but instead of grand works such as Agassii* 
'Fossil Fishes,' Button's *Coal Plants,' Owen's * Odontography,' jD'Or- 
bigny's * Palaeontology of France,' Mallet's ' Earthquake Phenomena,' and 
the publications of the Palseontographical Society, we must be content to 
buy for our children the " little books " which those great men we wish to 
look up to, write for our publishers. Luckily, we have no reason to dread 
a Murchison penning a geological primer for infant schools. 

But to take the book as it is, and to view it as one for those who have 
not time for much study, it is better calculated to give the best running 
notion of geology with the least amount of trouble of any book we know. 
The popular doctrines of geology are fairly and moderately put, and al- 
though adhering to many of the views which we ourselves nave shown a 
strong antagonism to in the pages of this journal, Mr. Jukes puts them 
fairly, and, for a school treatise, properly. Such a work is not an arena for 
controversy, nor would it be fitting in it to go too strongly against the 
stream of general belief, and it is therefore better and wiser to t^ach what 
is generally accepted, and when to that which is not certain the author 
adds a statement to that effect, he has done all that is required of him. 
This Mr. Jukes does most fairly, according to his conscience. Take the 
account of the igneous rocks as an example, on which, after stating the 
grounds which geologists urge for a molten state of the interior of the 
globe, and showing that if the temperature increased regularly nith 
depth, as it is supposed to do, say 1° F. for every 100 feet, or 6^ F. for 
every mile, that at four miles deep water would be at boiling-point, at fifty 
miles the heat would be sufficient to melt steel, and that at a hundrea 
miles the temperature would be 5000° F., which, Mr. Jukes says, ia "greater 
than any that we know at the surface." 

" It is not by any means necessary, however, to suppose that the temperature does ia* 
crease indefinitely into the interior, or that the rate which regulates its ini^rease near tbe 
surface continues to be the same for such depths as those mentioned above. Neither 
does it follow that the materials, whatever they may be, which exist at great deptlUi 
would be melted by the same amount of heat that would fuse them at the surfaoe, sioee 
the enormous amount of pressure which they must experience, may keep them sdid ii 
ppite of the heat." 

After this usual supposititious evasion of the discussion of the great diffi- 
culties attending the " molten interior " doctrine, Mr. Jukes praiseworthily 
adds a concluding sentence to his chapter : — 



" Little or nothing," he says, " is known about the constitution or condition of the 
interior, nor have we any grounds even for speculation, further than thoae which hiTC 
been previously mentioned." 

The same moderate expression of views of which we have given an ex- 
ample from the first pages, continues throughout to the end, and from the 
last page we take another similar extract : — 

" The term 'transition' was at one time used to designate an imaginary period betweei 
that of the formation of the so'called crystalline rocks and the others. Part of the same 
prejudice still lingers amongst geologists, and induces them to regard the present time n 
distinct from the Tertiary epoch, and to iutroduce such terms as Post-Tertiary or 
Quaternary." 
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For those who want to get a fair running? knowledge of geology with the 
least anaount of trouble, Mr. Jukes's book will be just the thing. We 
think highly of Mr. Jukes's ability, and we wish it had been a great work, 
or a small work on some ispecial topic, — something, in short, beyond an ele- 
mentarv treatise going all over the old ground, — that we might have spoken 
as niuch kind praise as we have every pre-existing desire to give to any 
meritorious labours that emanate from any of the Surrey men. 

The Flora of Marlborough, By T. H. Preston. 

With Mr. Preston's brochure as a Flora we may have, seemingly, little 
to do, but there is an important connection between the plants of a district 
and the soil on which they grow. This soil may not be necessarily the 
debris or the resultant of the weathering and atmospheric degradation of the 
true geological strata of the district, and indeed it may be, as it very often 
is, formed from a superficial covering of the drifted and over-covering 
materials of a later and long subsequent age to that of the underlying 
rocks to which the main outlines of the physical geography are due. 
Botanists have perceived this relationship, and although they must neces- 
sarily regard it in a different light, we find that in local, and even in 
general Floras, considerable attention is now paid to the geological features 
of the district or country under botanical description. In this manner 
the geology of Marlborough is set before us in tne little volume we are 
reviewing, before even the flowers of the region are recorded. This survey 
of the botanist is especially useful in its way to the practical geologist, 
because it investigates the superficial covering of the earth in a manner in 
which he would be little likely to do, and yet not the less important, as by 
it we obtain a knowledge of the workings of external agencies upon the 
ipround that produces vegetation. In the neighbourhood of Marlborough, 
we are told that the surface for miles round, and to a great depth, has been 
entirely formed by these external agencies ; the Kennet, as an example, we 
are told, has at Lockeridge, only four miles from its source, filled up one 
of its former courses, and made a new track for itself through the marshy 
ground. On the northern side of the Kennet, the country consists almost 
entirely of Upper Chalk, with a few outlying patches of red clay on the 
tops of the hills. In a wood to the north of Mildenhall, there occurs a 
red stratified clay, more than twelve feet in thickness. About four miles 
east of Marlborough, on the ridge by the Kennet, there is a vertical fault 
running nearly north and south ; the western side being occupied by hori- 
zontal layers of Upper Chalk with flints, and the eastern by a reddish- 
brown sand, containing flint pebbles up to a pound in weight. Between 
Graham Hill and Martinsell the chalk is stated to be covered by boulder- 
clay, which is said also to extend westward as far as Clatford Bottom, and 
probably to form the subsoil of the greater part of the west woods, and on 
the eastward runs into Savernake Forest. In the valley to the south of 
Granham Hill there is a strip of light-coloured sandy clay overlying the 
chalk, and to the south of this what is called " a mottled red boulder-clay," 
containing large masses of flint-nodules and sandstone boulders. I^ear the 
top of the chalk slope at the north-west comer of the forest there is a 
trough-like hollow in the chalk, five-and-twenty feet wide and eight feet deep, 
fitted up with layers of red clay with large broken flints and chalk rubble, 
and thickly studded with " two kinds of fossil shells of the genus Melix, 
which very much resemble ff. occlusa, and a smaller species, JET. d* Urbaniy 
some of which are beautifully marked. This hollow may have been the 
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course of a river during the time of deposition of some of the later Tertiary 
beds ; and a flood probably swept into the layers of broken fragments of 
chalk and clay, together with tne numerous land-shells with which thev 
are studded." About 300 or 400 yards from the spot is a light buff- 
coloured sand, and on the south side of the pit are hardened blocks of 
sandstone. The writer thinks this sand was once a part of the Plastic 
Clay series, at one time covering the district, and of which there are said 
to be still some remains in the south-east part of the forest. This appears 
to be, according to the subsequent description, a section showing the " grey 
weathers " in situ. These " boulders " are stated to occur in great numbers 
in the valleys, especially at Lockeridge and Clatford Bottom, " where they 
are heaped upon one another in the most promiscuous manner, as if they 
had been dropped by icebergs." Many are of large size, 90 to 100 tons. 
An outline of the Bagshot sands and clays also occurs in the Saveroake 
Forest. Of the flora we can only say that it is conspicuously and con- 
cisely recorded in separate paragraphs, with bold headings, and is sub- 
stantially upon the plan adopted by Professor Babington for his * Flora of 
Cambridge. The book is illustrated with a small photographed map of 
the district, reduced from the ordinary 1-inch survey to within the space 
of a double page. It wants a scale to indicate distances, and this might 
be usefuUy added. 

Philosophical Transactions of tlie Itoyal Society, Part I. Vol. CLIII. 

1863. 

This part is a highly important one, containing papers " On the Belation 
of Badiant Heat to Vapour," by Professor TyndSl ; " On the Strains of the 
Interior of Beams," by the Astronomer Eoyal, Mr. Airy ; ** On the Re- 
flection of Polarized Light from Polished Surfaces, Transparent and Me- 
tallic," by the Rev. Professor Haughton ; "On the Exact Forms of Waves 
near the Surface of Deep Water," by Dr. Rankine ; " The Photo-Chemical 
Researches of Professors Bunsen and Roscoe ; " " On the Immunity of the 
Stomach from Injury from its own Secretions," by Dr. Pavy ; " On Thallium," 
by Mr. Crookes ; and other very valuable papers ; but the chief interest to 
our readers will be the appearance in it, in full, of Professor Owen's memor- 
able paper, read in November, 1862, and briefly reported in our columns. 
The present memoir is perhaps the most complete that ever was given at 
first hand of any specimen approaching in novelty and singularity to the 
present Solenhofen fossil, a drawing of which is given of natural size^ 
executed with great care and skill by Mr. Dinkel. Other illustrative 
plates accompany the paper, which must be read by those who are inter- 
ested in the subject, as no abstract would convey more information than 
the notices and articles we have already printed ; and the greatest value 
of Professor Owen's description lies in the minuteness and details of the 
numerous comparisons he has made with the bones of recent birds and 
fossils, Pterodactyles, and the logical conclusions he has deduced from them. 
The Professor admits the cast of the brain, to which we drew attention in 
our opening number of last year ; but he assigns to a fish a portion of organic 
substance in the slab upon which Mr. Mackie has made some comments 
in the * Popular Science Review,' for the purpose of showing that it is as 
like a bird's beak with teeth as a fish's jaw. The portion is, however, too 
obscure for any positive determination, and it will be better not to beheve 
it either a fish's jaw or the Arohseopteryx beak at present, but to con- 
tinue to search diligently for further specimens. 
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WOEK FOR THE FIELD-CLUBS. 
By the Editor. 

Without the slightest wish to interfere with the management, or 
any desire to criticize the past doings of Natural History Societies 
and Field-Clubs, we may be permitted, without any imputation of 
meddling, to suggest how much good work the forthcoming year may 
produce, through a little forethought and pre-arrangement. Spring- 
time will now soon be upon us, and the time for field-excursions will 
have come on again. "Would it not be well if the Councils of So- 
cieties organized their arrangements with a view to some practical 
ends? 

In the districts of crystalline and metamorphic rocks, examples of 
transitional states bearing on the great origin-of-granite question 
might be designated as one of the topics of inquiry, and members 
solicited to search for and study examples, and to send notices of 
them to the Societies before the excursions were decTded upon. In 
the districts of the Secondary rocks, examples of unconformability 
and thinning out, and the intercalation of special deposits, would also 
form a most valuable subject of inquiry. 

PalsBontology, as such, should not be neglected : and by selecting 
given genera or families of fish, mammals, or mollusca, and tracing 
the ranges of species upwards and downwards stratigraphically 
through the separate beds of the various deposits of any geological 
formation or formations, the most valuable data for geological pro- 
gress would be obtained ; and contemporaneously with this investi- 
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gation, another, devoted to tbe geographical extent at each horizon 
of the same species, should also be carried on. 

In the districts a£fected by the late earthquake the directions bo 
intelligently given by Mr. Mallet might be taken as the guide to 
local inquiry, and many details accumulated. 

More especially we would urge that as much impetus as possible 
should be given to fossil botany. It is a department sadly neglected, 
and nevertheless most useful and most important in the acquire- 
meut of a correct knowledge of the ancient history of our planet. 
In the mining districts further experiments on internal heat are 
greatly to be desired. 

"We do not submit to the Provincial Societies the organization of 
special subjects for investigation during these excursions, but the de- 
tailing to the members of certain subjects for individual study and 
attention, and to get from the working members who take such sub- 
jects up reports of their progress, and the details of the most interest- 
ing examples and results ; and then upon these reports to select the 
places for, and the routes of excursions, making the principal or 
most competent of the working members the duces on these occasions. 
We think that by such preliminary steps the excursions would be 
made much more instructive, more pleasurable, and certainly more 
beneficial to science. 



ON HELIX, AND PEEFOEATED LIMESTONE. 

By Miss E. Hodgson. 

A few months ago I sent to the British Museum a block of moun- 
tain limestone, perforated into deep cells by mollusks. It was mel 
with on a limestone ridge three miles south-west of UlverstcMi, and 
first attracted notice by being brought to town to be employed for 
building purposes. 

The pertbrations were found to be on the under-side of a ppojectiDg 
ledge, and were large enough for the fingers to be introduced up- 
wards to the depth, in some, of three inches, the diameter being 
about seven-eighths of an inch. They were inhabited, at the time 
of the discovery (August), by the land-snails Helia nemaraUs and 
Selix concinna, 

Mr. "Woodward, on receiving the stone, very kindly sent for my 
perusal a * Memoir on Perforations by Helices in the Calcareous 
Kocks of the Boidonnais,' by M. Bouchard-Chantereaux. In this 
memoir the author states his belief that the cells are the work of 
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Helices, and that, the eroding action is performed by the foot, with 
the aid of an acid secretion. 

Ever since I became familiar with the microscopic structure of 
the tongue of Helix, etc.^ I have alwajrs believed that it was so con- 
structed for purposes of abrasion, either of stone or other hard sub-? 
stances ; but I was not previously aware that the land-snails were, 
any of them, supposed to form for themselves hollowed, hybemating 
chambers in rocks. That they do consume the limestone no one 
who has seen the above memoir can doubt ; the only thing not sq 
evident is the way it is done and the purpose for its being done. 

Einding some individuals of Selix aspersa under a stone in a 
hybernating state, I had the stone and all carefully placed under a 
bell-glass in a warm room, leaving sufficient s]>ace under the edge of 
the glass for air. The following morning all had burst the epiphragm 
and shifted their position. In another day they were all upon the 
glass, in full activity, crawling about. On examining the under-side 
of the head through the bell-glass with a lens, no tongue was visible, 
but on smearing the glass with the juices of bruised geranium leaves,^ 
the tongue protruded itself, making strokes upon the glass at the 
rate of about one in three or four seconds. I then scraped a piece 
of limestone with a pen- knife upon a sheet of paper, and moistened 
the scrapings into a paste with distilled water, and then smeared the 
inside of the glass with the paper. The action of the tongue hitherto 
had been sluggish and not continuous, but the instant the head 
came in contact with the lime the action quickened. Flake after 
flake was removed from the glass and taken into the crescent-shaped 
mouth. The tongue appeared to be used nearly in the same way aa 
that of the pond-snail when it is taking off the green film from the 
sides of the aquarium; that^ however, is accompanied by a clear, 
ringing sound, doubtless owing to the necessary force used. In 
Helix the tongue is curved outwards and first pressed momentarily, 
more or less fiat, against the glass, the next instant it becomes 
channeled or spoon-shaped, and in this form is withdrawn, the con- 
cave side uppermost. I have no doubt, however, on a dry substance, 
one not so slippery as glass, that the fiat application would be pro- 
longed, and more muscular force exerted, — indeed I have occasionally 
observed a slight jerk of the head as the tongue left the glass, indi- 
cating greater power of stroke. 

On subsequently trying Helia? nemoralisy it swallowed the lime 
with the same avidity, and both worked at' it, with short intervals 
of rest, for hours and day after day. In both species a little wave 
of moisture is driven before the head, extending beyond it about 
the fiftieth part of an inch ; but the tongue appears to be drier in 
^. nemoralis than in H, aspersa, although I think the amount of 
fluid varies in both. When the animal is merely gliding along, and 
not using the tongue, a little bubble of fluid is constantly, at short 
intervals, emitted from the mouth, which partially opens for the 
purpose^ I have repeatedly saturated scrips of litmus paper in thia 
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fluid, both at the head and all alon^ the foot, but have entirely failed 
to detect any pink colouring denoting the presence of an acid. 

When the tons^ue is being withdrawn into the mouth it does not 
seem to touch the upper jaw, but has full time to be withdrawn 
before the upper jaw closes ; indeed it does not seem to close en- 
tirely, the downward movement appears to be more connected with 
the action of swallowing than made for the purpose of meeting the 
tongue. On putting a little water to the animal, of which it seems 
to be very fond, the drinking action is seen to be different. I do 
not think the tongue is protruded, but there is a rapid movement of 
the whole mouth until the supply fails, when the tongue again comes 
into play. 

Desirous of witnessing the usual mode of feeding, I placed some 
slices of the fronds of Asplenium marinum on the glass. The 
S, aspersa attached and devoured this very greedily. It was curious 
to watch the upper jaw, before so inactive, now making such stre- 
nuous efforts to get it into the mouth ; the latter was distended to a 
gape, displaying the interior brown ribs of the roof and its projecting 
marginal teeth ; the tongue, when I could see it for the fern, was 
actively assisting. It was a very awkward process, the piece being 
too big and difficult to manage. 

From these observations it appears certain that the mouth has two 
distinct actions — the licking and the biting action. It also appears 
equally certain that lime is needful to the animal, and is taken in 
the same way as food ; from which I infer that the Helices, when 
they are occupying the cells in the limestone rocks, abrade the walls 
with the tongue for the purpose of getting the lime (and that they 
hold this instinct in common with the rest of their species), hence 
the irregularity, dissimilarity, deformity of those cells much fre- 
quented by them ; but that the original cellular form of the erosion 
is due to some marine mollusk of the G-lacial period. 



A HELP TO THE IDENTIFICATION OF FOSSIL 

BIVALVE SHELLS. 

By Haeey Seelbt, F.O.S., 

JFoodwardian Museum, Cambridge, 

Lamellibranchiate shells are the most abundant fossils of most 
rocks. Numerous in genera, and prolific in species, they are multi- 
tudinous in individuals, and the specimens vary. The study is not 
easy. It has little of the poetry of many other branches of natural 
history, and has naturally received lesd attention. But in each sub- 
kingdom specially, no less than in the animal kingdom generally, the 
law holds good that the lower the organization the longer is the da- 
ration in time. And so, important as the higher mollusca are in the 
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analysis of rocks into their several zones, it is on the lower forms we 
rely in synthetical arrangements. The Conchifera readily divide 
rocks into Pa]»ozoic and Neozoic, — no form with a pallial sinus being 
known below the Lower Secondary strata ; while, from the appearr 
ance in them of numerous new genera, no class of animals better 
marks the recognized systems into which fossiliferous rocks are 
grouped. It is indispensable both to fche geologist and biologist to 
be familiar with the genera, and it is the object of this paper to 
render the principles on which they are identified more easy and 
exact. 

That genera are practically realities every student knows well ; 
as such the geologist and zoologist have to do with them. And ii 
has elsewhere* been shown that between hosts of groups interme- 
diate forms can no more be found, than can intermediate wood fill 
the space between the forked branches of a bush. Accepting the 
fact, the question arises, — How may genera be known ? The dis- 
tinctive characters depend on the definition of a genus adopted. If 
it is merely a number of nearly-related species, then the descriptive 
characters will include those in the whole of the forms ; but if it 
exists independently of the species, being fundamental to them, then 
the specific characters cannot enter into the description of the genus. 
Practically this latter view, which is adopted in the paper referred to, 
reduces the description to a sixth of the shortest customary length, 
while the distinction becomes clearer by pruning away much that is 
common to other types. But even these characters are often need- 
lessly redundant, and several common to nearly-allied groups may 
be cancelled. 

Having in this spirit examined an extensive series of Lamelli- 
branch shells in preparing for a course of lectures, given three years 
ago, I found in most cases the hiuge-characters among the most im- 
portant residua so gotten ; and shortly after, while determining some 
casts of fossils in which the hinge-teeth were the only generic charac- 
ters seen, it occurred to me to write the teeth down in formulsB like 
those used for the teeth of mammalia. Subsequent re- examination 
of specimens showed that in a large majority of cases these hinge- 
formulae were almost the only characters with which the student 
need be troubled ; and believing that it will not be found altogether 
useless, the following list has been made of the more common and 
remarkable forms, and arranged for facility of reference. 

The teeth sometimes vary much in the same genus,— one Cardium, 
for instance, showing twelve teeth, and another not more than six, 
though rudiments of the other six may generally be found; and 
occasionally the hinge is toothless, the teeth becoming obliterated 
with age. The constant teeth are notated in ordinary numerals ; 

* ' Researches on the Homologies of the Hivalve Mollnsca ; and therein of the Law 
of Variation of Forms, and the Nature of Genera/ P<art 1, communicated to the Cam- 
bridge Philosophical Society, March 17f 186i, and remaining unpublished, pending 
eompletipii. Th« formnlte used in this paper were then expUined in a note. 
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while the variable ones, which Bometimes maj be as large as the 
others, and are sometimes scarcely to be found, baiFe a line or dot 
above the numerals to indicate that they are- subordinate. Teeth 
are often cleft a little, and sometimes look like two, so tbat it is oc* 
casionallj convenient to indicate them in the formida, whic^ is done 
hy writing a small figure ^ above the numeral, as though it wore 
raised to the second power. 

Barely teeth are anchylosed, but, excepting Isocardia, only under 
the umbones, and then onlj at their outer edges, forming an inverted 
y sliape, which is indicated by a small figure ^ placed above the na* 
meral 2. 

Typically, teeth are in three groups : those under the umbo, called 
umbonal ; those near the front adductor muscle, called anterior ; and 
those under the ligament, called posterior. These two latter groups 
are often elongated latitudinally, and when this is the case have a 
small I added to distinguish them from the ordinary conical forma. 

The spaces between the groups of teeth on each side of the umbo 
are generally equal, and such spaces are marked by a single dot 
placed midway between them. To indicate a longer distance, twe 
dots may be put one after the other, and a very short one is marked 
by two dots one above another. 

For a cartilage-pit the letter F is used (abbreviation of Jbssa), and 
where a tooth has the letter^ above it, the tooth supports the carti- 
lage, as in My a, etc. 

The sign + means many ; it is chiefly used to indicate the nume- 
rous teeth of the Area tribe. The straight line running between the 
numerals marks the plane dividing the valves. The letter S is an 
abbreviation for " with a pallial sinus ;'* L, for lunule ; E, with an 
escutcheon ; 0, with an ossicle ; M, massive ; and Q, quadrate. 

The teeth are read from left to right, the posterior end being to 
the right, — so that the lower valve is not the left. 

As an illustration of the way these symbols are used, an example 
or two may be cited. 

Trioonia. — Here there are in the lower valve two teeth under the 
umbo, and no anterior teeth, so the number 2 is written under a line 
and with a dot on each side to show that the teeth are umbonal, 

thus .-5-: • Then in the upper valve there is on the left a single 

tooth, and to the right of it two anchylosed ; and as these are under 
the umbo, they, too, are written with the dot on each side, thus : 

— - — . Putting these valves together, the generic characters for 

Trigonia will be , — ^ — ; , and as no other genus has teeth quite like 

it, obviously no other character need be mentioned. It is found con- 
venient, in remembering these formulse, to prefix the initial letter of 
the genus. 

Cba ssatella. — Here the upper valve has two teeth and a eartilage- 
pit under the umbo, and postenorly one tooth ; so the dentiti<m wfll 
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•2 • P * 1 

be — . And in the lower valve under the umbo are two teeth 

and a little subordinate one (constant however), and the cartilage- 
pit ; its formula will therefore be . g i y . • Putting the valves to- 

* 2F 1 " * 

gether, .giF- * ^^^ be the generic character for Crassatdla; and 

no other genus has a like hinge. 



LIST OF GENERIC FORMULAE. 
l^es vsith a single Cartilage under the Umbo : F, 



Anomia . 
Ostrea . . 
Xiima • • . 



'F* ^ withfour central mus- 

* F * ' cular impressions. 

■^^^ 5 attached. 

•F\ axis anteriorly in- 

• jg« • ' dined to a straight 

hinge line.* 



Pecten . 
Mya . . 
Tugonia 



'F' ^ axis perpendicular to 
* F * ' a straight hinge line^ 

Ty,\ S. 



§ With an Ossicle in the Cartilage : O, 



Thracia . rjr. ; O ; S. 



!/• 



Anatina . .-^, ; O ; S. 



T^pes with Teeth in addition to the Cartilage, 



1*F' 
Chamostrea ytw'- J ^• 



Avicula . 



IFl' 



A 11/1 



Ervilia. . 



IFl 
IFl 



•IFl* 
Plicatola . ^^^ ^ , , ; attached. 

c, J I 'IFl' umbo of attached 
SpondyluB . ^.j^.^/ * valve receding 

with age. 

2 *F ' 1 
Gnathodon ^.jg,.«^ ; S. 

1-F'l 



CSffdlnia- llF-l 



M , I'lFl ^ 

esodesma— yf;^jS. 

Crassatella roTT'. » ^' 

• i 1* i F ' 

Lutraria. .^.j,. ; 8. 

2'-2^F'2' _ 
Mactra . ^, ^. ^^t ; S, 



Codakia . 



2' • 2^ F ' 2' 

2-2F'l 

l-2F'r 



Scrobicularia ,— t^-^ftt-. ; S. 



Semele. . 



lllFl 
1-2F1 



1'2F1 
Ungtdina ^-^^ 



• Tke diffoetiMi of the axis miglit b« marked by a line; thas, Lima /; Pecten | ; 
Aviciila\. 
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Gkirilia . 



Tj^pes with many Cartilage'piU. 
Types with numerous Parallel Teeth, 



•^ (1 : +' 1 : +) • 1' 

1:4- 
Arca . . . fTX ; hinge straight 

^ II 1:4-''1:4-'1:+' muBcles 

^""^^^^^ 1:+/-1;4--1;+ "^ * margined 

by lamellffi. 

1 • -f" 
Pectonculus ^tt ; hinge creBoentic. 

,. . l:+fl:4- 

^^P"**- l:-hF>l:4- 



T^ , . 1:4-F'1:4- hinge 

angular iU)F. 

1 • "4- • • 1' 
Nucnlina j^rxTrp J ^">«® angular. 

^^' •• 1: + -F-1: + 'S- 
Solenella ^ "l""^'"[" ; S, 



Chama. . 



11 



Pholadomya -^^ 



l: + --l:-f 

Types with few Teeth under the Umbo, 

Saxicava. r^r 

Diplodonta li-^. 

2' 



12 



Iphigenia . ^, 

Psammobia — ^ • S. 

* 2 * 

Astarte . r=- ; L. 

* 2 * 

Opis . . . ,-j-. ; L ; keeled. 

(* 3 ' \ 
^ — j 



• 1Z * 



Gastrana. — ^^ . s. 
Capsula . 7x712^. J S. 

* 2 * 
Sanguinolaria — j s. 



Phams. . 



2 



1:1» 



:;S. 



Solecurtus ~^^ • S ; both ends gaping. 



Venericardia 
Trigonia . 



Ill 
1 : 2> • 



• 1 : 1' : 1 • 

Lucinopsis — ' / ; S. 

Circe . . . — . L. 

* 3 * 

Venus . . r^-:; Ii;S. 
Tapes . . 7, . J S. 



3 



3 



Glaucomya .-^^^. J S. 

Sazidomus -7-' ; S. 

Cytherea .-^, L; S. 

Artemis -5*: 5 1- i S i orbicular 5 d- 
•23' nus an elonga- 

ted cone. 



* In this genus should be included all the fossil species called Inoceramos, excepting 
perhaps /. involutus, which may be left as a critical subtype, having much the same re- 
lation with Perna that Janira has with Pecten. 

^ t Ihe PalsBozoic species of Nucula and Leda have external ligaments, and are ra- 
gged by authors as then forming one genus, which is named Cteuodonta. 
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2J^«* with Umhonal and Posterior Teeth. 

21 



Panopsea. ii? 
Margaritina rrrr 

Tridacna . .j^,^ . lunule perforate. 
Ensis* . . - — - . s. 



Solen 



1-2 

*^'^ S J umbones termi- 
• 1 • 1 » nal. 



Cultellus 



1 • 1 ' ^' 

Ma^hera , 1^ . ^ ; fromumbo tobase 
* 1 * 1 ' runs an mtemal nb. 

2-1' 



Tancredia 
Castalia . 

Unio . . . 



2 1' 

21 
1-2 

•2-2' 
111' 



Cyprina . -|^^^ 



Cardita . 
Kellia . . 
Isocardia 

Cardium . 

TeUina. . 
Galatea . 
Donaz . . 



Types with Anterior and other kinds of Teeth. 
ill' 



1- 


I'-i' 






I'-i 


•1' 


(11)'- 1 


• (1 1)' 


(1 


•1)": 


I'-l' 


1: 


(1-1) 


"I'l 


li 


"ll- 


11 


1] 


.11- 


11 


i- 


in-- 


1 « 


1- 


1 12 . . 


j; 8. 


1- 
1- 


•1 

21-15 


S. 


1 


•2-1 


» 



1 • 2M 



Lucina . . 
Corbis . . 
Cyclas . . 
Cyrena . 
Corbicula 



1-2-1 
1-2~1'^'®- 

i||;n.argi„screnulated. 

1 - 2^ • 1 
1-21 

1-31 



11-311 

1' • 3 • 1' 
(ll)'-3-(ll)' 



1 • 3 • 
Meroe . . fVT^' ; L j E ; S. 



Many of the formulae will be found unsatisfactory, no doubt ; for it 
has not been my object either to give a synopsis of bivalve genera 
or of generic characters, but merely to illustrate the features and 
capabilities for distinctive purposes of some remarkable mystical 
structures. Yet I would ask the student who takes some member 
of one of the larger types, say Donax, TeUina, Cardium, or whatever 
it may be, and fails to torture its hinge into agreement with the 
formula, fairly to ask, — What a genus really is ? Unless I mistake, 
facts are as faulty as the formulsB. This, however, involves the whole 
question of the nature and origin of genera, which will shortly be 
treated in full elsewhere. 

* A form like this is not introduced as a genus, but merely as an illustration of re- 
sults arrived at by adhering to the formulse rigidly. 

TOL. Til. H 



no fUt GlOLbOtSt. 

These characters oughfc never to superaede descriptions, but should 
rather be superadded. And it is suggested that, henceforth, defini- 
tioiis might be made more sure it' the dental formula w^re given 
with each new species or genus described. And, bj way of illustra- 
tion, annexed is a notice of the new genus Atalanta. 

Atnlatlta has but one species, and is founded on the JUtaHe Hart- 

welliensia of Sowerby. Observing on it a posterior area like that in 

Cyprina, and which also occurs in some species of Astarte, which 

show rudiments of lateral teeth, 1 was led to suspect that if this shell 

were an Astarte at all, it also might have lateral teeth. Accordingly, 

as there was no lack of specimens, I broke up many examples, and 

1' • 2 • 1' 
succeeded in finding the hinge, which is (x ly ■ i - \i 5 t^QS differing 

from Astarte in having on each side well- developed lateral teeth. 
The long teeth give it a certain resemblance to Corbicula or Mactra, 
which it also resembles in having the lateral teeth transversely 
striated with age. The ligament is short, but very prominent. The 
pallial line was not to be traced. Astarte is probably its nearest re- 
lative. 



FOSSIL BIEDS. 
Br THE Editor. 

(Continued from page 24.) 

We shall, we trust, be pardoned for returning in this number, be- 
fore we proceed onwards to Cuvier's works, to some omissions of old 
authors which have occurred. 

The first of these additional quotations is from Scheuchzer's later 
work, published at Zurich in 1718, * Meteorologia et Oryctoffraphia 
Helvetica,' p. 336. 

" DiLUViAN Birds. — Everybody can very easily conceive that all 
the birds, owing to their agility, could have escaped the waters of the 
Deluge, and it is therefore not to be wondered that even in the 
richest and best-assorted nmseuras of arts and natural history, re* 
mains of the bird-kind are very seldom to be met with> or that they 
are, 130 to say, scarcer than a white raven. In Switzerland I have as 
yet found nothing ; from the quarry of Oeningen I can show a well- 
impressed bird's feather, which I have reproduced on page 14 of the 
Querel. Pise." This figure we give in our Plate IV, fig. 1. 

The original passage follows below \ — 

" AviEES DiLUviAN^.— Es if an ein jeder ohnschwer begreifen, dass die 
Vogel, wegen ihrer Leichte, alle werden in denen Sundfluth- Wassem ohen 
aufffeschwummen seyn, und sich desshalb nicht zu verwundem, wann 
aucn in deneh b6?8t-versehenen Kunst- lind Naturalien-Kammem etwas von 
dem Vogel-Geschlecht iiberbliebenes so seltsam oder noch rarer ist als ein 






Fig. 3. 
FOSSIL BIrtD3, frtOM SCHE'JCHBBft (Fig. 1), C'J7[E!l (Fig, 5), AMD EMMOMS .FiR. S). 



HACKI£— tON FOS^IIi BIBDS. £[1 

weisaer Bab. In denen Schweitzerischen Landen hahe npch nichts ge- 
funden ; aus den Oeningisolien Steinbrucli aber kan ich zeigen eine wol 
i^UBgedruckte Vogelfeder, welohe babe abbilden laesen.ia Querel, Pise, 
p. 14. 

Volkmfinn, in 1720, publisbed bis * Silesia, Subterranea,' at Leipzig, 
In it be sajs : — 

" § VI, AU tbese pbasee are oommoa ^so with birds, insects, 
worms, and vermin. Mtlixjs, in bis Memor. Sax. Subterr. pi. i. 
relat. vi. p. 47, records a hen, which was discovered a few ye^rs ago 
in the quarries of Illmenau, and which he exhibits on plate iv. n. i. 
p. 74, such as it is to be seen in the stone. — Baccitjs reports in bis 
' Thermis,* lib. v. c. 4, fol. 282, having seen a petrified ben together 
with her eggs, discovered in a salt-pit. — Valvasob, according to 
what he says in his description of the principality of Grain (die Ehre 
des Herzogthums Grain), lib. iv. c. 2, p. 478, discovered near Landes- 
preis, in a ditch, on the mountain, amongst many sea-shells and other 
petrefactions, a bird's nest with a small bird sitting on four eggs, which 
he presented to M. Henry Garbusat, at Lyons, in France. — BiIttner 
exhibits in 1. c. tab. xxi. p. 218, a bird*s nest, containing four or five 
©ggs, like quMl-eggs, in a stone, four yards in circumference, dis- 
covered at Kindelbruck, and he mentions also in the same place, 
that in the same tufa bluish eggs, like ducks* eggs, have been dis- 
covered, which, when the shell was opened, the white and the yolk 
were quite distinctly to be seen, but rather hard. Near Vienna it is 
said a .quarry exists where petrified birds, tongues and beaks of 
eagles, and other petrefacta are to be found. — ISchexjohzee in his 
Querel. et Vindic. Piscium, represents in plate 11, a beam- or tail- 
feather from Oeningen. At Bottendorff; and on the Kuntzel lake, 
there are, according to Mtlius, 1. c. p. 13, slate-stones containing 
birds and beaks, to be Jound/* etc. etc. 

We give the original : — 

" § VI. Alle diese fata baben auch die VogeJ, Insecta, Gewiirme und 
Ungeziefer gebabt. Mylius, in s. Memor. Sax. Subterr. pi. i, relat. iv. 

S. 47, gedencket einer Henne, die vor wenigen Jabren in einer Berg- 
fieren in dem lUmenauer Berg-Werck gefunden worden, welcbe Er 
tab. iv. suh num, i. p. 74, wie sie in dem Steine zu sehen im Eupffer vor- 
gestellt. Biccius, de Thermis, lib. v. c. 4. fol. 282, erzeblet, dass Er eine 
versteinerte Henne mit Eyem gesehen, die man in den Salz-Gruben ge- 
funden. T. Weicbard Valvasob hat (davon Er in der Ehre des Herzog- 
thums Grain, lib. iv. c. 2, p. 478, gedacht) bey Landes-Preis iiber dem 
Berge in einem Graben neost vielen Meer-Musclieln und anderen ver- 
Bteinerten Stiieken ein Vogel-Nest mit einem kleinen auf den Eyem 
eitzenden Vogel angetroffen, welches Er dem Mens. Henry GiM-busat nach 
Lyon in Franckreich geschickt. BiixTNEBUS, 1. c. weiaet in der XXI. Tab. 
ad p. 218, ein versteinertes Vogel-Nest, darinnen 4 oder 5, weisse Eyer 
gelegen, den Wacbtel-Eyern gleich, in einem Gestein, das 4 Ellen starck 
gewesen, von Kindelbruck, und pag. ead. meldet Er, dass eben in diesem 
Topho man ehemals blaulicbte Eyer den Enten-Eyeni gleich gefunden, 
darinnen als man sie zerstupfet, die Schale, das Weissp \m4 Pptter wQbl 
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zu unterscheiden gewesen, aber alles sehr verhartet. Hinter Wien boU 
ein Steinbruck seyn, worinnen man petrificirte Yogel, auch Zungen nnd 
Schnabel von Adlem und andem Yo^eln im Grestein sieht. Schbuchzsb 
in s. Querel. et Vindic. Piscium stellt in der 11. Tab. eines Vogels Schwing- 
oder SchWantz-Feder in einem Schiefer-Stein von Oeningen vor Aiigen. 
Zu Bottendorff* und £iintzel-See brechen nach Mylii Bericht, 1. a p. IS, 
Schiefer-Steine mit Vogeln und Bienen," etc. etc. 

Baier, 1722, says in his * Fossilia Diluvii Universalis Monumenta/* 
page 20 : — 

" § XII. Of the winged kind there have been but very few fossil 
remains discovered as .yet, but they are not therefore to be under- 
valued. Jou. Dan. Majob, in his Dissertat. Epist. de Cancris et Serp. 
Fetrefact. § 47, p. 38, quotes amongst the animal remains of the 
mountains, and in the middle of solid marbles, leaks of birds, but he 
mentions no autliority, neither does he give any figures ; he is, how- 
ever, himself a serious and a trustworthy writer. CI. Scheuchzer, in 
his Quer. et Vindic. Piscium, tab. ii., shows a tail of a bird or romng- 
feather in a fossil stone at Oeningen, the only specimen of the remains 
of the winged genus known as yet, except the gallinaceous bird 
quoted by Agricola, lib. x. foss. cap. xv., and truly, this author quotes 
many fowls in fossil- stone discovered in the forest of Hercynia, and 
he does not only proclaim highly the magnitude and the dispositicm 
of all the organic parts of the bird transferred to the stone, but also 
the very lineaments of minor form imprinted by the mineral juice. 
Such a hen discovered in the stone-quarries of Henneberg, in Saxony, 
is described by Mylius in his Saxon. Subterr. relat. vi. et ±. p. 74, 
fig. 2. Be it as it may, for greater certitude the laborious Buttner, 
p. 218, describes thus the birds'-nests and eggs discovered in the 
tufa-quarries of Thuringia, and which deserve notice." 

We append the original passage : — 

" § XII. JSx volucrum genere pauca oppido fossilia adhuc in conspectum 
venerunt, sed tamen minime contemnenda. Joh. Dan. Major, in Dissert. 
Epistol. de Cancris et Serp. Petref. § 47, p. 38, inter partes animalium, 
quae in intimis ssspe montium visceribus, imo mediis marmorum solidomm 
corporibus, repertse sunt, connnmerat rostra avium, sed nullo auctore aut 
exemplo speciali nominato. Gravis tamen ipse scriptor est et fide dignus. 
CI. Scheuchzerus, in Quer. et. Vindic. Piscium, t. ii. exhibet caudce avis vel 
remigem pennam in lapidefissili Oningensi conspicuam, unicum quod hoc- 
tenus sit cognitum ex volucrium regno superstes monumentum, excepto 
Galh Oallinaceo, cujus meminit Agricola^hh. x. foss. cap.xv, Verum nic 
Gallos Gallinaeeos ponit, tanquam plures in lapide fissili Hercynise Sylva 
expresses, neque satis declarat, utrum vera magnitudine et partium orga- 
nica dispositione avem referat lapis, an sola linearaenta minoris formsB, a 
sucei mmeralis ramulis utcunque efficta ; cujusmodi gallinam in saxo 
fodinarum Hennebergicarum depictam exhibet Mylii Saxon. Subterr. 

* Brit. Mu8. 458. a. 14. " Q. D. B. V. Fossilia Diluvii UDiversalis Monuments, 
praeside Johanne Gulielmo Baiero S. Theol. D. et P. P. eruditis excutienda sistet 
a.d. 19 Martii A. R. S. cial. sec. xii. Georo. Christoph. Eiculer, NorimberKensis. 
Altorfl. NQricorum, 1725." 
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relat. vi. et x. p. 74, Bg, 2. Qaicqoid horum sit, majori certitudine dili- 

fentissimns Buttneeus, p. 218, aviom nidos et ova m Thuringise lapici- 
ina tofacea inventa his verbis notatu dignis allegat :JcA bekomme noch- 
fnahlige Versicherung" etc. 



MTTILUS SPATRULATUS, A NEW CRETACEOUS 

SPECIES. 

By H. Seelet, F.G.S. 

A flint cast of a Mytilus has been obtained from the gravel of 
Barnwell, near Cambridge, by Mr. Percevall, B.A., Trin. Hall, and 
entrusted to me for description. 

Form elongated and narrow, attenuated anteriorly, with valves 
deep, and longitudinally striated. The anterior outline of the lips is 
straight, that of the posterior side a gentle curve, which is somewhat 
straightened towards the apex. The shell is about three times and 
a half as long as wide, and widest below the middle. The lateral out- 
line of the valves is lanceolate, the greatest height being in the an- 
terior third. 

From the umbones the [subacute] line of inflation ascends, and 
curves posteriorly, so as to overhang the hinge. It then becomes 
rounded, and curves into the middle of the shell. The sides descend 
from it nearly straight. So, on the anterior side of the umbonal end, 
the sides slope somewhat away from the lips, penthouse-like ; while 
on the posterior side they slope somewhat together, forming a shal- 
low trough. The height of the shell is more than twice its trans- 
verse diameter. 

The whole is marked with numerous, close, very fine, longitudinal 
BtrisB, which appear to be crossed by fine strisB, coincident with the 
lines of growth, but wider apart. The lips are dentated. 

This remarkable form, the first Mytilus yet noticed from the En- 
glish chalk, must have had a very thin shell, since the faintest exte- 
rior ornament seems all preserved on the flint cast. 

It is constricted at intervals by rugose bands of growth. 

The high valves, laterally compressed form, straight anterior side, 
and very compressed umbonal end, will readily distinguish this from 
every other Striated cretaceous species. All the forms yet observed 
in the chalk are striated. 



COREESPONDENCE. 



Spiral Planetary Orbits. 

Dear Sir, — As a regular subscriber to the 'Geologist,' and one interested 
in its success, I doubt not you will pardon me for a few remarks upon your 
editorial articles in the last two numbers. 
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There are certain views put forward whipli, unleBS I am miaiaken, are 
opposed to the known facts of physical astronomy, and althopgh mj mathe- 
inatics are rather rusty, I think t am justified in the following eritioisma. 
At p. 442 you speak of effects which changes in the sun's mass would pro- 
duce in its attraction upon the earth. But would not any matter eiuier 
dissipated from or deposited on the sun, continue to attract the earth 
equally before and after dissipation or deposition, the centre of attraction 
being in every case the centre of gravity of that matter the aim and 
the earth, and the whole quantity of matter continuing constant. Nor can 
it be supposed that the position of the centre of gravity could be sensibly 
altered oy such changes. 

At p. 443 3rou refer to Tyndall's expression that the moon ** skids tiie 
earth. ' He is considering her tide-generating influence, and shows that 
she must retard the earth s rotation, but you have spoken, tmintentimiallf 
no doubt, as if this action had an effect on the orbital motion. Now it v 
a well-known principle of mechanics, Uiat the motions of rotatioii and trana- 
lation are independent of each otlier ; although they may have been origin 
nally both given by the same impulse. 

Unless I am wron^, there is a mistaken idea which runs through por- 
tions of your articles in Nos. 92, 73. You appear to suggest that intha 
larger extent of orbit there would be greater velocity of the earth in her 
orbit, and that the effect of a diminished orbit through the action of a re- 
sisting medium would be to lessen the velocity in the orbit. One passage 
in which this idea is presented is this, " if we consider the efifeots of a 
higher orbital velocity, we shall find it would give rise probably to a 
larger extent of orbit.'* 

Now it is usually considered (I may say proved) that the reverse is the 
case. This may be deduced from ETepler's third law, that the squ^Lies of 
the periodic times of the planets are proportional to the cubes of their 
mean distances, — a law which is proved, from mechanic^ considerationa, 
to be true of all cases of planetary motion. 

Suppose, for simplicity s sake, that the orbit may be considered a cirde 
for one revolution, which, with the rarity of the cosmical ether and smdH- 
ness of the ellipticity, is sufficiently true for the purpose. 

Expressed symbolically, let T be the periodic time ; a, mean distance : 

.; . T2 oc a3 

3\it in the case of a circular orbit, the velocity (V) is constant : 

. • . T V = 27ra 

.-. Voc JL 

. • . As the distance of a planet from the sun is increased, the velocity in 
the orbit will be diminished, and vice versa. 

Hence, paradoxical as it might appear, the effect of a resisting mediiun 
by causing the planets to fall towards the sun, and so diminishing their 
mean distances, is to increase the orbital motion of the heavenly bodies 
(vide Pratt's * Mechanical Philosophy , ' p. 600) . Any changes of the velocity- 
of rotation would be wholly independent of these effects. 

Believe me, my dear Sir, faithfully yours, 

O. FiSHBB. 

Elmstead^ Colchester, 2nd January , 1864. 



Mamfftalian and Cade Belies. 

My deat Sir,— Although far enough from " Grays Thu»rock," I could 
wish Dr, Falconer could look over my specimens of " mammalian fauna " 
tsollected in the caves here. Besides that cave on which a paper was read 
by me at Oxford, and where Dr. Falconer showed me the kind attention 
of an older student of geology, and another cave, of which an account was 
fead ia my name at the Cambridge meeting, I have this summer met with 
ii third cave containing the usual remains, mixed with the same flint-chips» 
And opened another barrow in that locality in which these latter speci* 
mens octmi\ 

By tho way, I do not think a very curious notice of flint-chips which I 
^discovered in my pro^sional reading has yet appeared in print, except 
ifycm. my pen, and where it was not likely to come before students of 
veieiioek Most are aware that in the 5th chapter of Joshua, verses 2 and 3, 
mention is made of " the knives of flint," witn which he re-circumcised the 
ehildrea of Israd ; but I do not think the following record is patent, 
because it occurs only in the Septuagint, which often enlarges on matters 
•only briefly noticed in the Hebrew text. In Joshua xxiv. 30, it is 
.written, ** And they buried Joshua in the border of his inheritance, and 
4k€9 placed with Mm in his tomh (query a tumulus P) the flint-knives with 
wh%^ he had cifvitmcised the children of Israel; and there they are unto 
this doij/" The italics show the Septuagintal ampliflcation of the Hebrew 
text 

It is impossible not to put "this and that together,"-^— I mean the 
lehips in our tumuli and his,~^nd not to speculate upon the possible fact 
^at religious rites had to do with the interments of these, and no 
^her implements. I by no means would say I think it was so; but 
"^e fact IS the parent of the thought. I wish Dr. Falconer could in- 
«|>eet my •collection of bones. One ** undecided point " I should like to 
'discuss with him, namely, the comparative age of these mammalian 
-boaes, and of the great quantities of other bones usually found here 
aearer the surface, or on the surface of the red mould with which the 
^Mives are filled. Besides the bones of sheep, and swine, and horses, 
•in what Buckland called the cliurchyard state, there are plenty of fish- 
bones, and gome curious ones too, that puzzle most of my scientific friends, 
tipon a personal inspection.* 

Woiud it be too muoh to ask you to say where I can " beg, borrow, or 
get " tite notice of the Torquay cave, so as to have an accurate account 
w the exact position, and state of the flint-chips found there P Some of 
tis — myself for one — live in places so out of the world, that we are practi- 
cally cteaied access to so%u*ces of trustworthy information near at hand to 
all metropolitan students^ 

I want the doctor's opinion, too, as to the date of the breaking up of the 
asual older stalagmitic crust, the thick remains of which adhere to the 
«ide8 of these oaves. I fancy my j^A-bones were under this in one in- 
atanoe. 

I am. Sir, ever yours faithfully, 

Gilbert N. Smith. 
*> ^mnifrerton Bsctory, Tefdty, South Wcdes. 
Dec, VM, 1663. 

• Arc any frog-bones? In the Heathery Bam cave there were lots of. frogs' bones, 
which were called fish-bones until the specimens were sent to me for inspection. — Ed. 
Geol. 
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Sandstone Hammer in a Diluvial Deposit at Macclesfield, 

Dear Sir, — I send a stone-hammer for your inspection, which was found 
a short time ago near Siddington, about six miles to the west of this town, 
in a boggy piece of ground, about 2 yards below the surface, and upon the 
Bed Marl. Its length is 7^ inches, breadth 3}, thickness ^, hole for the 
handle If ; one end is rounded, the other vertically wedge-shaped ; and it 
is of superior workmanship, having been probably made at the close of the 
stone-period. In the second volume of the ' Geologist ' there are sevOTal 
engravings of sandstone-hammers, but none, I think, similar to the one I 
have sent you. If you think this of sufficient interest, perhaps you maj 
be induced to give a drawing of it in your next number. In compositioii 
it appears to partake in character with some of the lower grits which crop 
out about two miles distant southward, with a north-westerly dip. All 
the different beds of grit below the true coal-measures are well developed 
in this locality, and their basement or Gosedale series are in general v^ 
fine-grained, hard, and compact, and produce excellent material for the 
roads. The Millstone Grit of this district possibly attains a depth of 
more than 3000 feet. One or two of the upper beds of grit contam thin 
seams of poor coal, which belong to the lower measures, and are only oc- 
casionally worked, not being remunerative ; they are not very fossiliferoua. 
It appears rather strange that the natives of this part of the country 
during the prehistoric or stone age should have resorted to the fabrication 
of sandstone-hammers, when if the question of durability were at issue, 
that qualification was always obtainable, since the whole of this neighbour- 
hood was thickly strewed during the glacial period with almost every va- 
riety of the hardest igneous rocks, interspert^ed with hard sandstones and 
rounded limestones of various geological periods. The advancement of 
agriculture has now almost obliterated those deposits from the surface of 
the lower levels and plains, but on higher ground this is by no means the 
case. The moorlands and elevated districts are still dotted by boulders in 
every direction, and among some fields about four miles from here east- 
\i ara, upon an isolated patch of ground some acres in extent and at an 
elevation of 1000 feet, a remarkable colony of those erratics is still extant 
Blocks of quartz-rock, basalts, various granites, greenstones, porphyries, 
etc., — more or less grooved, scratched, or smoothed, — lie scattered about in 
wild and chaotic profusion. There they remain in their primitive position, 
unaffected by time, untouched by the hand of man, and represent periiaps 
a true aspect of this part of the country immediately after its last upheaval 
above the waste of waters. At a mile and a half to the south of the scene 
just described there is an extensive outlier of the drift, which contains 
marine shells of arctic type, about 1200 feet above the sea-leveL It is 
chiefly composed of coarse sand and gravel, and in one place has an es- 
carpment of 30 feet. This rests upon a plateau or terrace of shale and 
grit, which denotes the ancient bed of a swift stream, that has now cut its 
way almost perpendicularly through the latter strata to a depth of 20 feci 
About the middle of the section or escarpment there is a thick bed crowded 
with large water-worn pebbles and pieces of rough sandstone or grit ; and 
this is also the shell-bed. These have probably been tranquilly deposited 
by stranded ice, after floating hundreds of miles from their Scandinavian 
home. The whole of Macclesfield is built upon the drift at an elevation of 
more than 600 feet. On the eastern side of the town there are two or 
three distinct terraces or former levels of the river many feet above its 
present bed, and the superficial sand and gravel overlying the boulder claj 
contain quantities of mmute fragments of boreal shells. 
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The study of the glacial periods may be considered a most sublime and 
interesting subject, connected as it is so intimately with the history and 
antiquity of man. The cataclysms and many other physical phenomena 
which occurred in these latitudes are amazing ; and perhaps it were a mis- 
fortune, for the sake of truth and the advancement of science, that the 
genus Homo existed during the above periods in a low and debased form 
of organization. For countless ages he trod the earth, in all climes, a 
wandering savage ; and almost the only records left of him as works of 
art or design, which serve to distinguish him, in point of intelligence, 
from the brute creation, are a few specimens of rudely-chipped flint- 
instruments, that were used by him alike for offence, defence, hunting, and 
other purposes. 

From later researches, if the conclusions of the antiquarian and geolo- 
ist are to be accepted, it would appear that we must remove still further 
ack in geological time the chronology of the human epoch. One species 
of a low form is mentioned as having become extinct, while it is affirmed 
that the genus was represented by species in the Pliocene and even the 
Miocene period. Towards the Eocene beds of Suffolk, this vexata 
qtuBstio seems to be trending ; since in them, according to a certain 
theory, there is to be found a fossil that may be the earliest prototype of 
the fiimana. I am, dear Sir, yours respectfully, 

J. D. Sainteb. 
Macclesfield, January 5, 1864. 
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East Kent Natural History Society. — ^At an evening meeting, 
held at Canterbury, on November 24th, a lecture " On the Tertiary Beds 
of Kent " was delivered by W. Whitaker, B.A., F.G.S., of the Geological 
Survey of Great Britain, of which the following is an abstract : — 

The sedimentary rocks are divided by geologists into three groups. 
Primary, Secondary, and 'lertiary. The formations belonging to the hi'st 
and olaest of these periods do not occur in the south-east of England, but 
are confined to the north and west. Of the Secondary period, only the 
higher formations (the Wealden and Cretaceous rocks) crop out to the sur- 
face in Kent. Of the Tertiary beds, on the contrary, only the lower divi- 
sions are known for certain to occur in this county, where, however, they 
are better developed and exposed than anywhere else. 

Before treating of the Tertiary formations, it is needful to say a few- 
words of the underlying Chalk, the highest of our Secondary rocks. It is 
a sea-deposit, rich in fossils, of which many are such as must have lived at 
a great depth and apparently in the sea of a warm climate. From the fact 
tlmt the fossils of the overlying beds are altogether of different kinds from 
those of the ChaJk, it has been inferred that those beds were not at once 
deposited on the Chalk, but that after the deposition of the latter, a long 
time passed away before other beds were formed over it. 

The Kentish Tertiaries belong to the " Eocene," or Lower Tertiary 
series ; and consist, in ascending order, of the Thanet beds, the Woolwich 
beds, and the basement bed of the London Clay, — grouped together by 
Prestwich (to whom we owe nearly all our knowledge of these beds) under 
the name of " Lower London Tertiaries," — the London Clay and the Lower 
Ba^hot Sand. 

VOL. VII. I 
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1. Tlie Thanet Beds, — This formation, almost a purely Kentish one, 
beini? but little shown in any other county, thins out a little west of 
London. 

Under London it is from 30 to 40 feet thick, and consists of fine, soft, 
light-coloured sand, without fossils. It continues the same through West 
Kent, but with a thickness increasing to 60 feet or more. In East Kent 
a- gradual change sets in, the beds get more clayey, and fossils occur in 
parts ; untU the Isle of Thanet, and to the south, tnere are little else than 
marls,, mostly hard, and clays — ^with a little sand at top however — often 
full of fossils, and from 80 to 100 feet thick. At the bottom, everywhere 
there is a bed of clayey greensand, with green-coated flints lying at onee 
on the Chalk. 

The number of kinds of fossils in these Thanet beds is small. They 
are all marine, and seem to be such as would have Hved in the sea of a 
more or less temperate climate ; the chief genera are Cyprina, Cytherea, 
Pholadomya, Cucullsea, Thracia, Nucula, Corbula, Sanguinolaria, all bi- 
valve shells, and Ampullaria. The cliffs and the shore, west of the Itecol- 
vers, yield those of the uppermost and more sandy part of the formation ; 
whilst at Pegwell Bay the lower marly part is also shown. At both places 
there, are fossil-bearing sandstones in the upper part. The Bekesbounie 
cutting of the London, Chatham, and Dover feailway yielded many fossils 
to Mr. Dowker, one of the members of the Society, who has described this 
section in a former volume of the * Geologist.* 

Where a section shows a good thickness of the Thanet beds above the 
Chalk, the junction of the two formations is even ; where, however, there 
is but little of the former, the junction is generally more or less wavy, and 
there are often large funnel-shaped hollows, known as " pipes." These 
have been slowly formed by the action of water containing carbonic acid 
in solution, which has dissolved away the Chalk (carbonate of lime) in an 
irregular and unequal manner, and the beds above have fallen down into 
the hollows thus left. It is where the Chalk is but thinly covered, and 
therefore where water would the more easily filter through to it, that one 
would expect this action to occur to the greatest extent, and such is the 
case. 

2. The Woolwich Beds are remarkable for their ever-changing structure, 
especially in Kent, in which county, however, there is none of the brightly- 
coloured mottled plastic clay, that occurs so generally in this formation in 
the western part of the London basin. 

In the " far west " of Kent, near London, the Woolwich beds are about 
50 or 60 feet thick, and consist of alternations of sands, beds of pebbles, and 
clays with shells ; and at the bottom, a bed of greenish sand with pebbles, 
sometimes resting somewhat unevenly on the underlying Thanet Sand. 

The shell-beds must have been deposited in a river or estuary, for some 
of tlie shells are of a kind that could not have lived in the sea, — such as 
the bivalve genera Unio, Cyrena, and the univalve Paludina, Neritina, Me- 
lania, and Melanopsis. There are also oysters, and other genera that show 
that the beds are not altogether freshwater, but partly of brackish-water 
orij^in. -As is usually the case with freshwater beds, fossils are most abun- 
dant in numbers, but not in kind, — few* species, but hosts of individuals. 
Mr. Prestwich infc-s that the river which deposited these shells, and the 
clay that contains them, flowed down from an island, which he supposed 
to have occupied at that time part of our present Wealden district. The 
climate indicated by the shells is that of a temperate region, and the remains 
of plants that are fcund here and there, point the same way. These shell- 
beds are well shown in the large ballast pit, at Charlton, near Woolwich, 
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at Counter Hill (New Cross), Loam Pit Hill (Lewisham), and very many 
other places. 

The great shingle-beds of the neighbourhood of Bromley and Black- 
heath, have been in part classed by Mr. Prestwioh, though doubtfully, 
vrith the " basement-bed " of the London Clay ; but there is some reason 
to^think that they may all belong rather to the Woolwich beds. In some 
places, and miarkedly in the ** rock-pit ** in Sunderidge Park, near Bromley, 
and in the railway-cutting at Beckenham, there are fossils in the pebble- 
beds ; and it seems strange that many very delicate shells should be pre- 
served in a loose mass of hard pebbles. 

In some places, as on the hfll above Abbey Wood, the shell-beds have 
thinned out, and there is nothing but sand and pebbles from the top to the 
bottom of the formation. The pebble-beds, as might be expected of de- 
posits of that nature, are merely lenticular masses on a large scale, of great 
thickness at one spot and near by altogether absent. 

Eastward of the valley of the Cray, Tertiary formations have suffered 
much from denudation, and from Dartford to beyond Gravesend are pre- 
sent only in the form of outliers. The clay shell-beds get thinner, and at 
the great section on the bank of the Medway, at Upnor, are only 6 feet 
thick, the sand above, however, also containing shells, but not that below. 

For some way east of Rochester this formation has been almost wholly 
denuded, but it comes on again west of Sittingbourne. Near this latter 

?lace the estuarine shell-beds thin out and are not seen further eastward, 
'he pebble-bed at the bottom is also lost, and it is then difficult to draw 
the line between the Woolwich beds and the underlying Thanet Sand, the 
former, however, being mostly a coarser and sharper sand, with here and 
there a few pebbles. The fossils also of the two formations are more alike, 
those of the Woolwich beds being here of a purely marine kind, and in 
great part of the same species as those of the lower formation, but of rarer 
occurrence. The sands that in East Kent represent the Woolwich beds 
are 25 to 40 feet thick, and are well shown on the coast west of the Recul- 
vers, in sections near Canterbury and Ash, and in the railway-cutting at 
Bichborough Castle. 

3. The Basement Bed- of London Clay consists, near Lewisham and 
Bromley, of a more or less clayey pebble-bed, from 3 inches to 2 or 3 feet 
thick, and is well shown in the large pits at Loam Pit Hill, near the former 
place. 

Mr. Prestwich classes with this bed, though somewhat doubtfully, the 
thick wide-spread mass of shingle of Blackheath, Charlton, etc. ; but in 
the railway-cutting, east of Bickley, a sandy pebble-bed, like that of Black- 
heath, is seen to be overlaid by the usual clayey pebble-bed at the bottom 
of the London Clay, and it would seem thereK)re that the thick mass of 
pebbles in sand at Blackheath, etc., do not belong to this bed ; whether 
they belong to the underlying Woolwich beds or not, is another question. 
From this western part of Kent there are no sections of the " basement- 
bed " for some distance eastward, and possibly it may have thinned out« 
At Upnor, near Rochester, however, the whole of the Tertiary beds, from 
the lower part of the London Clay to the top of the Chalk, are shown. The 
former is underlaid by some 4 or 5 feet of fine light-coloured sands with 
shells, in a very friable state, and with pebbles near the bottom. These 
Mr. Prestwich classes with the " basement-bed," and they certainly seem 
to be separable from the underlying sands and shell-beds of the Woolwich 
series, tnough, on the other hand, they are sharply divided structurally 
from the stiff London Clay above The fossils in them are, for the most 
part, of species generally found in the basement-bed (chiefly of the 
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lirenera Cjtherea, Cyprina, Cardinin, Pectuncnltig, Natica, and Lamna 
teeth) ; but there are also a few of the estuarine shells of the Woolwich 
beds, and in abundance Cyrena, Cerithium, and Melania. 

This bed (or rather the set of sands, etc., that are usually classed with 
it) does not occur for some distance to the east, owing to the extent of the 
denudation of the Tertiaries ; coming on again, however, near Sittingboume 
with the same general characters and a little thicker. It has been obserred 
in the cutting north of that town, on the Sheemess branch-line. Near 
Bonghton and Canterbury this sand is again shown, and it co ntai ns flint- 
pebbles and ironstone. At the mouth of the tunnel, on the Whitstable 
Kailway, near the second place it may be well seen, and the thick pebble- 
bed at the base, cemented into a hard mass by the ironstone, is remarkable. 
At Shottenden Hill there is a great thickness of the flint-pebbles. 

The fine cliff'-section between the Eeculvers and Heme Bay shows this 
Band -bed very clearly. It has here an average thickness o^ 20 feet ; is 
crowded with fossils ; contains large blocks of hard tabular sandstone, often 
almost made up of fossils or casts of fossils, and smaller blocks of fossil- 
bearing iron-sandstone ; and has a well-marked pebble-bed, from a few 
inches to more than a foot thick at the bottom. The fineness and loose- 
ness of the sand of this division of the Tertiary series is here well shown: 
on windy days many tons* weight of this sand are blown away from the 
face of the cliff", the wind indeed being very powerful in wearing away 
these cliffs. The fossils are of a London Clay <ype; but many of them 
occur also in the beds below. Sharks' teeth and vertebrsB are plentiful, 
and amongst the shells the bivalve genera Cyprina, Cytherea, and Car- 
dium, and the univalves Natica and Aporhais. 

In all these East Kent sections, it is to be noted that the London Clay 
is sharply divided from, and nowhere passes into the sands below, and that 
it nearly always has a few pebbles, green grains, and sharks* teeth at the 
bottom, which is rather sandy, and not unlike the undoubted basement-bed 
in the western part of the London basin, and this may perhaps be the real 
basement-bed. The underlying sands are more like the beds below them 
in mineral structure ; but more allied to the London Clay by fossils. 

4. The London Clay is not only of much greater thickness, but also of 
more uniform mineral character than the lower formations. It consists al- 
most throughout its whole thickness of stiff* dark-bluish-grey clay, weather- 
ing brown, with now and then a bed of nodular masses of clayey limestone 
(known as " septaria,'* from having septa or divisions of carbonate of lime), 
from which Eoman cement is made. The lower part is generally roughly 
kminated, and abounds in transparent crystals of selenite (sulphate of 
lime). The upper part, which however rarely occurs, having been for the 
most part denuded, is also somewhat laminated and sandy, and generally 
passes up into the overlying Bagshot Sand (present only in the Isle of 
Sheppey). 

The full thickness of the London Clay in the most western part of Kent 
is calculated to have been about 450 feet; so great a thick»'ess occurs no- 
where in West Kent, however, the highest beds of the formation having 
been denuded. Shooter's Hill, indeed, is the only place where the greater 
part of the London Clay has been left. In the Isle of Sheppey the thick- 
ness is calculated at 480 feet, the greatest known. As might be expected 
from its greater thickness, the London Clay occurs at the surface over a 
wider belt of country than the thinner underlying formations. 

The fossils, in some places abundant, but often " conspicuous by their 
absence," show that the clay is a sea-deposit. Moreover, as the many 
species occur for the most part from top to bottom of the formation, and as 
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the mineral character is the same throughout, it follows that there must 
have been a slow subsidence going on, to make up for the shallowing of the 
sea by the continuous deposition of sediment, and thus to allow the life of 
the age to keep the same during the whole time of deposition of these hun- 
dreds of feet of clay, which it could not do if the depth of the sea were so 
much lessened as would be the case without subsidence. 

The only place where any number of fossils have been found in the Lon- 
don Clay m Kent, is the Isle of Sheppey, where, however, the cliffs have 
yielded a rich harvest both of species and specimens. These, which are 
from the higher part of the formation, give evidence of the existence in 
those long-past ages of corals, star-fishes, sea-urchins, an abundance of 
Crustacea (crabs, lobsters), often forming the nucleus of septaria, mollusks 
in great plenty, fish (especially sharks, the teeth of which are very common), 
and rays and reptiles (turtles, tortoises, crocodile, and serpent.) The re- 
mains of a small pachydermatous mammal have been found near Heme Bay. 
The most remarkable of the Sheppey fossils, and which are far less common 
elsewhere, 'are the plant-remains. These are chiefly of the leguminous 
and coniferous orders and palms, and consist of fruits, seeds, and stems. 
They are in iron-pyrites (sulphide of iron), and therefore very difficult to 
keep, as that substance often decomposes when exposed. They show that 
the neighbouring land on which they grew must have been much warmer 
than our present temperate climate ; and this evidence is strengthened by 
that of the remains of the Mollusca, amongst which the univalve Nautili, 
Cones, Cowries, and Volutes show that the sea in which they lived must 
have been in a warm climate. Shells of many other genera occur, such as 
Fusus, Natica, Pleurotoraa, Bostellaria, and the bivalves Cardium, Pec- 
tunculus, and Teredo, a great deal of the wood having been bored by the 
last. These shells, like the vegetable remains, are in the state of casts in 
iron-pyrites. 

The middle and lower beds of the London Clay, near Whitstable and 
Heme Bay, have yielded fewer fossils. 

A noteworthy feature of the London Clay cliffs is the frequent occur- 
rence of landslips ; nearly the whole face of the sloping cliff being generally 
made up of the fallen masses. In dry summer-time the clay is shrunk by 
the heat, and deep cracks are formed ; when rain falls, much water finds 
its way down these cracks, loosens the clay, and makes it slip>pery, so that 
masses can more readily fall down. The destructive action of the weather 
is, however, greatest in the winter, when the water in the deep cracks 
freezes, and the vast force put forth in its expansion, on becoming ice, 
loosens the beds, which would then tend to slip down after a thaw. Early 
in the present year (1863) a slip occurred which threw a long strip of land, 
about two acres in extent, some way down the cliff: the young wheat was 
growing very well in its strange position. 

5. The Lower Bagshot Sand occurs in the form of a thin outlier on the 
highest part of the Isle of Sheppey ; the only place in Kent where the 
London Ulay is capped by this formation, whicn has been worn off alto- 
gether in other parts of the county. The sand is light- coloured, more 
clayey towards the bottom, and generally passes into the sandy clay form- 
ing the uppermost part of the London Clay. It may be seen for more than 
a mile along the cliff near Minster, and is at the most some 30 feet thick. 

Although of so small extent and thickness, this outlying mass of sand is 
of much geological value. Firstly, it proves that the Bagshot series once 
spread over these parts, as the outliers at Bayleigh and elsewhere on the 
opposite side of the Thames prove its former extension over Essex ; and, 
secondly, it enables us to calculate the thickness of the London Clay from 
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top to bottom, which clearly could not be done without that formation 
being capped somewhere by a mass of the next overlying one, to show tho 
real top ; its bottom being shown by the outcrop of, or by wells being sunk 
through to, the formation next below. 

6. Cmg (of Prestwich). — Near the edge of the Chalk escarpment near 
Folkestone, and to a smaller extent in other like places, there is found a 
deposit of sand, often ferruginous, the age of which is not yet made out 
with certainty. It seems not to be connected with any of the older 
Tertiary beds, and it is not like any of the Drift-beds of the district. From 
the occurrence of a peculiar set of fossils in a pipe of this sand in the Chalk 
above Lenham, Mr. Prestwich was led to class it with the ** Crag," an 
Upper Tertiary formation of much later date than any we have been con- 
. sidering. The fossils, however, being only in the state of casts in iron- 
stone, and merely from a small pipe, the evidence is hardly conclusive, and 
the classification must be looked on as provisional. There is therefore a 
very doubtful point in the Tertiary Geology of their county for the " Eaat 
Kent Naturalists " to work out. 

Geological Society. — December 2, 1863. — 1. "On the Correlation of 
the Oligocene Deposits of Belgium, Northern Germany, and the South 
of England." By Herr Adolf von Xoenen. Communicated by F. E. 
Edwards, Esq., F.G.S. Railway-cuttings in the New Forest (firocken- 
hurst, etc.) have recently exposed certain marine beds overlying the Low«f 
Headon (freshwater) series, and containing fossils hitherto unknown in 
England, but which, as Herr von Xoenen showed, constitute the marine 
equivalent of the Middle Headon strata. 

The author gave an exposition of the current opinions upon the correla- 
tion of those English and foreign " Upper Eocene " or " Iiower Miocene" 
strata, to which Professor Beyrich has given the name " Oligocene," and 
briefly sketched their distribution and limits upon the. Continent. He then 
gave a list of fifty-nine New-Forest (Middle Headon) fossils, which he had 
determined, and stated that, of this number, forty-six occur in the Lower 
Oligocene of Germany, and twenty-three are characteristic of that format 
tion ; twenty-one of these species occur in the Barton Clay, four in the 
Middle Oligocene, and eight are peculiar to the Brockenhurst beds. He 
therefore concluded that the Headon and Brockenhurst strata are on the 
same horizon as the Lower Oligocene ; and he confirmed the opinion of pre- 
vious observers, that the Hempstead beds are the equivalent of the " Grta 
de Fontainebleau ** and of the Middle Oligocene of frermany. 

2. " On the Liassic Strata of the Neighbourhood of Belfast." By Eaiph 
Tate, Esq., F.G.S. 

In the neighbourhood of Belfast the following members of the Lias iistr 
mation were stated to occur, namely : — The zone of Ammonites SucJklandi, 
the White Lias, and the zone of Avicula contorta. 

The characters of these subdivisions in the district under consideraticm 
were described in detail by Mr. Tate, who gave sections of the beds ex- 
posed in Colin Glen and at Cave Hill, at which localities the three zones 
are seen ; he also gave sections of the Avicula contorta beds as exposed at 
Woodbam and at Whitehead, and lists of the fossils found in the strata of 
each subdivision at the localities mentioned, noticing that, in the zone oC 
Amm,onites Bucklandi, that Ammonite is replaced by A. inteffnedius, the 
other fossils being of the same species as occur in that zone in England; 
and he concluded with some general remarks on the distribution of the 
members of the Lias in the North of Lreland. 

3. "Notes on the Devonian Bocks of the Bosphorus." By.W. E. 
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Swan, Esq. In a letter to Sir E. I. Murcliison, K.C.B., F.RS., F.G.S., 
etc. 

The lithological and stratigrapbical characters of the rocks of the Bos- 
phorus having been noticed, the author gave a general description of the 
lOSsUs occurring in them, — namely, Spirifer (broad-winged and small 
species), Orthis, and other Brachiopods ; Homalonotus and other Trilo- 
bites ; together with Corals of the genus Favosites associated with the 
"well-known Pleurodictyum prohlematicum. Graptolites were stated to be 
entirely wanting, and Cephalopods to be very rare. Mr. Swan therefore 
inferred that these strata were of the age of the Lower Devonian rocks of 
the Eiiine. 

Jjecember 16, 1863.— 1. " On the Pebble-bed of Budleigh Salterton." 
By W. Vicary, F.G.S. With notes on the Fossils by J. W. Salter, 
F.G.S. — The south coast of Devonshire, from Petit Tor, near Babbacombe 
Bay, to a little beyond Sidmouth, exhibits cliffs of New Red Sandstone ; 
one of the beds of which, near Budleigh Salterton, is composed of pebbles 
of all sizes and of a flattened oval n>rm : this bed attains a maximum 
thickness of about 100 feet, and some of the pebbles composing it were 
found by Mr. Vicary to contain peculiar fossils. 

Mr. Vicary gave a description of the physical features of the area over 
which the pebble-bed extends, and entered into the stratigrapbical details 
of this ana the associated strata, referring to Mr. Salter s note for infor- 
mation upon the affinities of the fossils. In his note, Mr. Salter observed 
that, on comparing the fossils of the Budleigh Salterton pebbles with those 
from the Caen sandstone in the Society's Museum, he found that all the 
Species contained in the latter collection were also represented in the 
former. The general aspect of the fossils was stated to be quite unlike 
that exhibited by English Lower Silurian collections, and Mr. Salter 
therefore suggested that the exact equivalent of the Caen sandstone does 
not exist in England. This'diflerence in the two faunas appeared to him 
to favour the theory of the former existence of a barrier between the 
middle and northern European regions during the Silurian period. 

2. " Experimental Researches on the Granites of Ireland. — Part IV. 
On the Granites and Syenites of Donegal, with some remarks on those 
of Scotland and Sweden." By the Rev. Samuel Haughton, F.R.S. — The 
author discussed in detail the mineralogical composition of each of the fif- 
teen Donegal granites, and described the method usually employed by 
him in solving lithologico-chemical problems, coming to the conclusion 
that nearly half of these granites are not composed altogether of the four 
minerals (quartz, orthoclase, oligoclase, and black mica) which are found 
in them in distinct crystals, and that the remaining varieties, even if they 
be composed of these minerals, must have a paste composed of the same 
minerals, but with a slightly different composition. Professor Haughton 
then discussed the composition of the syenites of Donegal, and instituted 
a comparison between tne granites of that district and those of Scotland 
and Sweden, remarking that those of the last-named region have the 
same stratified structure as the granites of Donegal. 
. 3. " On the recent Earthquake at Manilla." By J. W. Farren, Esq. 
J Communicated by the Foreign Office. — In two letters to Earl Russell, 
^ the author described the damage done by this earthquake, observing that 
^ 889 persons were killed, and a large number more or less injured. 
J 4. " Extracts from Letters relating to the Further Discovery of Fossil 
? Teeth and Bones of Reptiles in Central India." By the late Rev. S. 
Hislop. Communicated oy Professor T. Rupert Jones, F.G.S. — The re- 
' mains allude to consist of (1) a series of reptilian bones, some bearing 
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teeth, mostly Labyrinthodont, and some probably Dicynodont, from tlie 
(Triassic P) red clay of Maledi, in which teeth of Ceratodus occur ; and 
(2) several teeth similar to one from the Eocene clays of Takli, near 
jNagpore, and aaother like a conical tooth from the Eocene beds (with 
JPh^sa Prinsepii) of Physura, from the same neighbourhood as that in 
which the set No. 1 was found. At Phisdura (Tertiary) large reptilian 
bones (including a femur 1 foot across at the condyles, and a vertebral cen- 
trum seven inches across) have been found associated with large coprolites, 
Physa Prinsepiiy and Paludina Deccanensis. Mr. Hislop stated his 
belief that the Mangali beds, the Xordihad shales, and the red-clay of 
Maledi, should be placed above the plant-bearing beds of Nagpore, instead 
of below them, as heretofore supposed. 

January 6, 1864. — 1. " On the recent Geological Changes in Somerset, 
and their date relatively to the Existence of Man, and of certain of the 
Extinct Mammalia." By G. S. Poole, Esq. 

In describing the general physical features of the district treated of, 
Yhich lies between CJievedon and Taunton, the author noticed especially 
the embankments which protect the land from periodical inundations, 
stating his belief that they were constructed by the Romans ; he also de- 
scribed the '* turbaries " or peat-moors, endeavouring to explain their mode 
of formation, and noticing their relation to the aUuvium and the sand-banks 
ot' tlie district. Mr. Poole then endeavoured to prove that the area under 
consideration had been subject to considerable changes of level in com- 
paratively recent geological times, and that man existed in the district 
prior, and some of the extinct mammalia subsequently, to the last of such 
changes, — asserting, in support of the last conclusion, that the remains of 
JElephas primigenius. Rhinoceros tichorinus, etc., had been found in a 
stratum above that containing the bones of man and pieces of pottery ; and 
he concluded by examining the evidence of the extent and date of the last 
Bubsidence 

2. *' On the Structure of the Red Crag in Suffolk and Essex." By 
Searles V . Wood, jun., Esq. Communicated by Searles V.Wood,Esq., F.G.S. 

By reference to a tabulated description of about fifty sections taken 
from various parts of the Ked Crag area, the author showed that the de- 
posit is structurally divisible into five stages, of which the Ist^ 2nd, 3rd, 
and 4th (counting upwards) were not deposited under water; but from 
their being regularly laminated, at angles varying between 25° and 35°, 
and possessing (with the exception of the 2nd) an unvarying direction in 
every stage, he regards them as the result of a process of " beaching up," 
by w hich was formed a reef extending from the river Aide on the north, 
to the southern extremity of the deposit in Essex. Of these four stages, 
the 4th is the most constant and important, the 1st, 2nd, and 3rd being 
frequently either concealed by, or destroyed during the formation of the 
suceeding stages. At Walton-on-Naze alone do any of the four low« 
stages contain evidence of being a subaqueous deposit ; there the Ist stage 
is so, but it is covered by two reef stages, and these again by the 5th stage. 

The 5th stage is invariably horizontal, and contaips evidence of having 
been formed under water. This stage is developed in such a way as to 
show that it was formed in channels eroded in the older reef, and it is at 
its base that the coprolite workings occur. This stage also passes up at 
Chillesford into the sands and gravels, termed by the author the Lowtf 
Drift, which underlie the boulder clay ; at other places a line of erosion 
exists between the 5th stage and the drift-sands. 

Jan. 20. — 1. " Observations on supposed Glacial Drift in the Labrad(ff 
Peninsula, Western Canada, and on the South Branch of the Saskatche- 
wan." By Professor H. Y. Hind, Toronto. 
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During an exploration of a part of the interior of the Labrador penin- 
sula, in 1861, the author had an opportunity of observing the magnitude, 
distribution, and extraordinary number of the boulders on the flanks of 
the table-land of that area ; and he commenced this paper with a detailed 
account of the results of his observations, referring also to the forced ar- 
rangement of blocks of limestone, shale, and Laurentian rocks in Boulder- 
clay at Toronto, and on the south branch of the Saskatchewan. 

Professor Hind then described brieflv the Driftless Area, in Wisconsin, 
discovered by Prof. J. D. Whitney, ancl the conclusions to which that geo- 
logist has been led by the study of this district. He next adverted to the 
beaches and terraces about the great Lakes, and considered their origin to 
be similar to that suggested by Mr. Jamieson for the Parallel Roads of 
Glen Eoy. The formation of anchor-ice in the Gulf of St. Lawrence and 
at the heads of rapids in the great river itself was alluded to as one of the 
means by which river-beds may be excavated. The parallelism of escarp- 
ments in America, at great distances apart, and at elevations varying from 
600 feet to 3000 feet above the sea, was next described, and their symme- 
trical arrangement suggested to be the result of glacial rivers undermining 
the soft strata of sedimentary rocks in advance of the glacial mass itself. 
These escarpments were also thought to represent different and closely- 
succeeding glacial epochs. 

2. " Notes on the Drift-deposits of the Valley of the Severn, in the 
neighbourhood of Coalbrookdale and Bridgenorth.** By George Maw, 

P.S.A., r.L.s. 

The patches of Drift occurring in the Valley of the Severn from about 
four miles below Bridgenorth up to Shrewsbury, including a north and 
south range of about twenty miles, have been carefully examined by the 
author, and were described in detail in this paper. 

Commencing with Strethill, a hill close to the entrance of Coalbrook- 
dale, the author described the several beds which make up the Drift- de- 
posits of which it is composed, and gave a list of the rocks which he had 
found in them. In the same manner he described in succession the neigh- 
bouring districts in which the Drift-deposits are exhibited, and gave a list 
of the fossils which had been found in the beds at the different localities. 

In conclusion Mr. Maw put forward some hypotheses as to the period 
'when the degradation of the older formations (the materials of which com- 
pose the Drift) took place, the manner in which the Drift was deposited, 
the extent of the submergence of England and Wales during the period 
of its deposition, and the influence of glaciers and glacier-action in its pro- 
duction. 

SoYAL School op Mines. — Twelve Lectures on Chemical Geo- 
I.0GY, BY Db. Percy, F.R.S. — December \Oth, 1863. — Geology has 
for its object the study of the nature and mode of formation of the 
exterior of the earth, which alone is accessible for investigation. That 
exterior is usually designated the "crust" of the earth, an expression 
? which implies necessarily that the interior is not solid, but is in a state of 
greater or less liquidity. The received hypothesis is, that our planet was 
^ once molten, and that in the lapse of ages it has gradually cooled down, 
^ l and has become solid on its surface. The lecturer did not propose to 
"J examine the foundations of this hypothesis ; but used the word " crust *' 
gimply because it is a term perfectly well understood, and generally ac- 
cepted, and not as any exponent of the lecturer's belief, 
u We are acquainted altogether with about sixty elementary bodies ; and 
t it is really remarkable how few constitute the great bulk of the earth's crust 
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—not more than five. These are — silicon, aluminimn, calcium, oxygen, 
and carbon. The states of combination in which they occur are — silica, that 
is, silicon combined with oxygen; alumina, or aluminium with oxygen; 
and lime, or calcium with oxygen ; and this lime is, for the most part, or, 
at all events, to a very large extent, in combination with carbonic acid, 
constituting marble and limestone in its variouB forms. Perhaps next in 
abundance we may rank magnesium ; then, perhaps, would come hydrogen, 
iron, sodium, potassium, manganese, chlorine, sulphur, and phosphorus. 
The hydrogen is that existing m combination with oxygen in the rorm of 
watiT, and present in a state of solid combination in all clay. It is not 
there, as chemists term it, as hygroscopic water, water simply of moisture, 
which can be expelled at a low temperature, but it is there in a state of 
actual solid combination, and may therefore be considered as one of the 
constituents. 

The geologist ererywhere meets with problems of the highest interesi 
which chemistry alone can solve ; yet it is somewhat surprising that in this 
country the application of chemistry to the solution of geological phe- 
nomena should hitherto have received so small a share of attention. Not 
a few persons have attained the reputation of geologists who have either 
been ignorant of the great foundations of the philosophy of geology, or 
have had a very slight knowledge of the subject. To know and to remem- 
ber the order of superposition of rocks, and to be able to recognize the 
fossils which they respectively contain, does not entitle a man to rank as a 
philosophical geologist. As well might a taxidermist lay claim to the title 
of zoologist, or an ornithologist to the title of botanist. The conquests 
which remain to be achieved in geology will, doubtless, result from the 
special study and application of the variona sciences, and there is assuredly 
no line of investigation which promises richer fruit than chemistry. 

The subject of this first lecture is silicon, perhaps the most abundant, or, 
certainly, one of the most abundant elements in the solid crust of the 
earth. This silicon has only recently been investigated in anything like a 
satisfactory manner. It exists in, and is the foundation of silica in its 
various forms. Silica exists in the well-known form of quartz, and con- 
sists of silicon combined with oxygen. In sand and in all clay, and 
in igneous rocks of various kinds, it is an essential constituent. In fact, 
it is everywhere. This silicon, when once united with oxygen, requires an 
extraordinary amount of affinity, or the exercise of an extraordinary force 
to detach it therefrom. It exists in three distinct states, the, amorphous or 
formless state, in the graphitic state, and in the state of crystallized octa- 
hedral silicon. 

In its three states, silicon differs considerably. In the amorphous state 
it occurs in the form of a chocolate-brown powder. In the graphitoidal 
state it is exactly like graphite, or very similar, occurring freqtiently in 
small hexagonal plates, as produced in the process for making aluminium. 
Then we have the octahedral form, the same form and the same crystalline 
system as that to which the diamond belongs. But here it is a most beau- 
tiful substance, of a metallic lustre, and a dark blaish-grey colour, conside^ 
ably more blue than ordinary graphite, and more metallic in lustre. Silica 
consists, in round numbers, of about 48 parts of silicon and 52 of orvgen. 
The atomic formula adopted, and first suggested by Berzelius, is SiO,, 
representing one equivalent of silicon combined with three of oxygen; 
but there are reasons for supposing that the more accurate expression ii 
Si Oj, one equivalent of silicon combined with two of oxygen. Long ago 
it was ascertained by Schafgotsch that silica exists in two very different 
states. In one state crystallized as quartz, having a specific gravity of 



PBOCEEDINQS OF GKOLOQICiX SOCIETIES. 67 

2*6. All quartz, for example, has this specific gravity, and not only quartz, 
but chalcedony, homstone, and flint, and yet these present no outward 
sign of crystalline structure. It is, however, maintained by Rose, and 
with some plausibility, that they consist of an aggregation oi excessively 
minute crystals. He designates these forms of quartz as crystalline, in 
contradistinction to the ordinary form of rock crystal, which is distinctly 
crystallized. We have, then, crystalline quartz, and this apparently non- 
cry stailized form of quartz just mentioned, chalcedony and tne like, of the 
high specific gravity 2*6. 

There is another form of silica in which the specific gravity never exceeds 
2*3. It ranges from 2'2 to 2*3, and is never higher than that. This is 
what is termed amorphous, apparently non-crystalline silica; and these 
facts have, or may have, a very important bearing on certain geological con- 
siderations. All the crystallized silica of the high specific gravity polar- 
izes light. The amorphous silica of low specific gravity does not polarize 
light. The distinctly crystallized silica which we have in quartz, when 

Sulverized, reduced to extremely fine powder by trituration and levigation, 
oes not differ chemically in any sensible respect from the powder of the 
apparently amorphous form of silica, fiint, chalcedony, and the like. Both 
resist the action of boiling alkaline solutions, whereas the amorphous silica 
is copiously and readily dissolved by such solutions. The crystallized silica 
is produced in the wet way, and, so far as we know, only in the wet way. 
By the wet way is meant through the agency of liquios, never by fusion 
at a high temperature. The late M. Senarmont, who devoted considerable 
attention to the artificial formation of minerals, made microscopic crystals 
of quartz by dissolving silica in the nascent state in very dilute hydro- 
chloric acid, and then esyosing that solution in a closed tube to a tempera- 
ture of between 200 ana 300 centigrade ; exactly similar, in all essential 
respects, to the rock-crystal of nature. It is true that the crystals were 
very small ; but that in no way affects the truth of the conclusion. Sorby 
obtained crystalline silica by passing chloride of silicon into a tube along 
with the vapour of water, but he afterwards procured still more distinct 
crystals by decomposing glass at a high temperature by the agency of 
water. We may take an ordinary piece of glass and boil water in it for 
almost any length of time, without appreciably acting upon it ; but if we 
expose ordinary glass to the action of water at a nign temperature in 
a close vessel, the result is different, and the glass is rapidly attacked and 
corroded. By acting upon glass consisting of silica, lime, and potash, by 
water, at a high temperature, he obtained the well-known mineral Wollas- 
tonite, which is a silicate of lime ; and he obtained perfectly transparent 
crystals of quartz, not less than two millimetres in length, — a distinct ex- 
perimental proof of the formation of characteristic crystals of quartz, 
similar- to those occurring in nature, by the agency of water. It is 
a fact that the heavy compact and the crystallizea silica often occur 
together, and hence we may infer the similarity of the conditions of their 
formation. 

To avoid confusion about crystalline and amorphous silica, it must be 
borne in mind that there is quartz which is distinctly, manifestly crystal- 
lized with the specific gravity of 26. Then we have silica of the same 
specific gravity, yet not appearing crystalline to the eye, although there 
are certain reasons for supposing that it may be composed of an aggre- 
gation of excessively minute crystals. Then there is the other distinctly 
amorphous non-crystalline variety, which has the low specific gravity of 
2*3. Thus there are two apparently amorphous varieties of silica, — chal- 
cedony, for example, and opal. If we compare common quartz with opal, 
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both appear non-crystalline, and both, therefore, might be confounded 
under the term " amorphous ; " but the term " amorphous " is restricted to 
this particular form of solid silica having the low specific gravity. 

All attempts to crystallize silica by fusion have hitherto failed. Many 
experiments were made upon this subject a long time ago by means of the 
oxy-hydrogen blowpipe. Silica has been distinctly fused into small 
globules ; there is no great difficulty about that. More recently, Deville, 
who has paid special attention to the application of hi^h temperatures to 
metallurgical purposes, has succeeded in fusing silica in considerable 
c[uantities, and he has subjected it to slow cooling, but never in a single 
instance has there been the slightest trace of crystallization ; and such 
silica — silica fused at these high temperatures — has always the low specific 
gravity of 2*3. The bearing of this will be seen by-and-by upon the sup- 
posed formation of granite and certain other igneous rocks. If we take a 
piece of crystallized quartz of a high specific gravity, and fiise it, we con- 
vert it into a substance somewhat resembling the silica of the low specific 
gravity, having the gravity of 2*3. Now that is apparently a small fact, 
but in a geological point of view it is one of the highest interest. Formerly, 
it was a marvel to melt a bit of platinum as big as a pin's head ; now, 
Deville has succeeded in melting it in mass. This platinum sometimes 
contains silicon, and in fusion the silicon becomes oxidized, and converted 
into silica, — the melted silica swimming on the top of the melted platinum 
in the fonn of a thin, transparent, colourless liquid. 

Gustave Rose found, tnat when perfectly transparent, entire rock- 
cryslal underwent long exposure, say for eighteen hours, to a porcelain 
furnace, in which the temperature is exceedingly high, — ^being estimated 
at about 2000° centigrade — there was no alteration in the specific gravity 
at this temperature ; but when the same crystal was exposed to the same 
conditions of temperature, having been previously pulverized — reduced to 
fine powder — its specific gravity was reduced from 2*6 to 2*3. Again, he 
found in the case of common fiint having a specific gravity of 2*591, owing 
to certain impurities which interposed, that by exposure to this high tempe- 
rature for a long time, its specific gravity was reduced to 2237 ; another 
example of the infiuence of high temperature in reducing the specific 
gravity of silica in this particular state of aggregation. 

We have now to consider more particularly this amorphous silica, or 
that form of silica to which Professor Graham has so well given the name 
of ** colloidal, or jelly-like silica." This silica is obtained in various ways; 
one is by the decomposition of silicates by acids. Silicate of potash 
or silicate of soda wiU dissolve readily in water, the solution being known 
as water-glass ; if we add, under certain conditions, an acid to that water- 
glass, the silica will immediately separate in the form of jelly. Under other 
conditions of dilution there would be no immediate separation of jelly what- 
ever, but the whole of the silica will be retained in solution, though it be 
separated from its combination with the base by the addition of a stronger 
acid ; but, on keeping, it will ultimately gelatinize, or during evaporation, 
by the application of heat, the silica will be thrown down in the jelly-like 
state, when evaporated to dryness, this jelly* forms a white, amorphous 
powder. This gelatinized silica, or colloidal state of silica, is produced 
Dy the action of water on a peculiar compound termed " fiuoride of siU- 
con," — a gaseous compound, consisting of silicon in combination with 
the element fluorine, which is an essential constituent of common fiuor 
spar. It is a perfectly transparent, colourless gas, which immediately 
suffers decomposition by contact with water ; hence, when this gas 
is allowed to escape into the atmosphere, under ordinary circumstances 
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it produces a copious wliite smoke, due to the formation and deposition 
of silica. If fluor spar and sand be mixed with sulphuric acid, fluoride 
of silicon is formed, which, in passing through water, becomes immediately 
decomposed, depositing gelatinized silica. If we plunge the delivery- 
tube, conveying the gas, into water, the quantity of silica immediately 
produced would be so great as to stop up the tube, and to burst the 
flask. In order to avoid that effect, it is usual to place at the bottom 
of the vessel a quantity of mercury, over which is the water, and to 
let the gas escape in the mercury, and below the water. This gela- 
tinous silica, when dry, forms an exceedingly light powder. In fact, 
it is in a state of the extremest possible division. As far as I know, there 
is no other way of making amorphous silica in such a flne state of division 
as this. 

The solubility of silica is a subject of very high importance to geologists. 
In an aqueous solution of potash, for two parts by weight of solid potash 
in solution there is dissolved one part by weight of this extremely fine 
silica in fluoride of silicon. Of silicon in the state of quartz there is dis- 
solved '009 for two parts by weight, and of silica in the state of flint there 
is dissolved '038. This difference is due simply, or at all events in a great 
measure, to a difference of aggregation. When rock-crystal has been 
actually melted, and then pulverized, it is as soluble in this menstruum 
as the silica from the fluoride of silicon. Silica dissolves, to a certain 
extent, in water containing alkaline carbonates. The light variety is far 
more soluble than the heavy variety. An aqueous solution of carbonate 
of potash, or soda, for example, dissolves fifteen times more amorphous 
than crvstalline silica. With regard to the solubility of silica in pure 
water, Bischoff* states, that one part of silica dissolves in 769,230 parts of 
water. 

Some results obtained by Professor Graham are as interesting as they 
are novel and important, — the phenomena of dialysis, which will possibly 
hereafter be found to explain many obscure geological phenomena. 

Some paper, termed " parchment paper," is tied round a hoop of gutta- 
percha, forming a circular vessel, the bottom of which consists of parch- 
ment paper. Into a glass vessel place pure water, and into the hoop 
place a solution of silicate of soda to which acid has been added in such a 
way as not to precipitate the silica, then place it on the pure water, and 
leave it. What will take place P In the course of time a certain propor- 
tion of the silica will pass through that membrane into the other constitu- 
ents in the solution, but eventually there will remain in the floating hoop, 
covered with the parchment paper, a pure solution of silica. All the 
hydrochloric acid will be gone by virtue of the operation of that paper. 
The chloride of sodium or potassium, as the case may be, will be gone, — 
with a certain proportion of silica, it is true, — and there will remain at 
length a pure, limpid, colourless solution of silica. 

Ainongst the illustrations supplied by Professor Graham for this lecture, 
was a 5 per cent, solution of silica. There was no base to retain that 
silica in solution. It was a pure limpid solution of silica in pure water. 
In the course of time, if the solution has a certain strength, it will gela- 
tinize, or, as Professor Graham calls it, pectize — form jelly. The weaker 
and purer the solution, the less tendency it has to gelatinize. Professor 
Graham expresses an opinion, that with 1 per cent, of silica the solution 
might be preserved for an indefinite length of time without change. 

There are some very curious properties about this solution to which 
the lecturer is very anxious to call the attention of geologists. This solu- 
tion may contain as much as 14 per cent, of silica, and yet be perfectly 
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limpid, and not in the least yiscous. It may be boiled in a flask for a con- 
siderable time, and concentrated considerably without change. When 
heated in an open vessel, a ring of insoluble silica is apt to form around 
the margin of the liquid, and this may soon cause the whole to gelatinize. 
The solution is, as I said, durable in proportion to its purity. It is not 
easily preserved beyond a few days, unless considerably diluted. It 
becomes opalescent after a short time, and then the jeUy separates ; and 
once separated it cannot be redissolved in water. When the jelly is 
formed suddenly it is always more or less opalescent. Formed slowly, it 
is a jelly, perfectly colourless and limpid, like rock-crystal. If touched 
slightly it gives rise to a vibratory tremor. It contracts, after a few 
days, even in a close vessel, and then pure water separates from it. It is 
a very curious fact that coagulation, or the separation of silica in the jelly- 
like state, is effected in the course of a few minutes by a solution con- 
taining one ten-thousandth part of any alkaline or earthy carbonate, but 
not by caustic ammonia or neutral or acid salts, nor by sulphuric, nitric, or 
acetic acid. Coagulation occurs in a short time after passmg carbonic acid 
through the solution. A little carbonate of soda to it will make it so solid 
that it may be inverted without spilling. When it is suddenly made so, it 
is always opalescent, and not transparent. Dried by the air-pump in 
vacuo, at the ordinary temperature, it forms a beautiful, transparent, 
glassy mass of great lustre, no longer soluble in water, and which reminds 
one greatly of that beautifiil variety of opal termed " hyalite." 

Ordinary silicate of soda is not at all what is termed *' colloidal ; " 
if silicate of soda were put into the hoop-vessel, and left there floating 
upon the water, it would pass through, to a certain extent, to the water, 
but there would be no separation of its constituents. When hydrochloric 
acid is added and the constituents eliminated, then this action is set up. 
This soluble form of silica unites with various organic matters, as, for 
example, with common gelatine, or with skin. In fact you may tan by 
means of silica, and produce leather containing as much as 70 per cent, of 
-silica. 

We will now inqxdre whether there is any reason to suppose that a 
similar process may play any part in the operations of nature. The con- 
dition required is a soluble silicate dissolved in water, and the decomposi- 
tion of tnat silicate by some agent, such as hydrochloric acid. Does 
nature present us with any apparatus which can take the place of this 
so-called dialyser ? All that we want is the porous bed of some rock like 
sandstone, in some convenient position, and tnat sandstone will act exactly 
as the dialysing apparatus. 

In the separation of the silica every bubble of the fluoride of silicon 
as it passes up through the water becomes immediately decomposed, and 
a portion of the gas escapes, not being thoroughly in contact with the 
water everywhere, and produces a slight smoke. We have reason -to 
believe that this solution may play an important part in the phenomena of 
nature ; for there is no difficulty in explaining how such a solution may be 
obtained as is requisite to exhibit the phenomena of dialysis ; and very 

frobably in nature we may find conditions exactly suitable for dialysis, 
f this be the case, we shall be at no loss to understand how in many 
instances silicification has occurred. We know that it has occurred, and 
to an enormous extent, in nature. The mineral termed " opal " is nothing 
more than amorphous silica containing a little water. The proportion of 
water is not definite ; it is variable, the extremes being somewhere about 
3 per cent, and 13 per cent of water. Sometimes this opal exhibits most 
beautiful colours, and then it acquires the name of ** precious opal." 
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These colours are due to a peculiar structural arrangement, and may be 
explained by the laws of optics. And if any one will examine the opal 
from Mexico and the substance prepared by evaporation in vacuo by 
Professor Graham's experiment, he cannot fail to be struck with the 
resemblance between the two. The mineral termed " hyalite ** is also a 
kind of opal met with in basaltic rocks. It is another form of amorphous 
silica. This hyalite contains an amount of water, the extremes of which 
are 3 and 6 per cent. 

The processes carried on in our blast furnaces or iron-smelting furnaces 
on so large a scale in various parts of this country, may really furnish indi- 
cations of great importance to the geologist. In the hearths of blast 
furnaces is occasionally found a white, delicate, fibrous substance, to which 
the name'of " fibrous silica " has been given. It has been carefully ex- 
amined, especially by Eose, who finds it to consist essentially of silica. 
It is silica in the amorphous state, produced at a high temperature, and, 
therefore, having a specific gravity not exceeding 2*2 or 2*3. We are not 
perfectly certain yet as to the precise conditions under which it has been 
generated, but most likely it may have resulted from the oxidation of 
silicon. Sorby informs us that he obtained fibrous silica, exactly similar 
to that occurring in the hearts of blast furnaces, by passing fluoride 
of silicon, together with the vapour of water, through a porcelain tube 
heated to red- whiteness. By introducing the fluoride of silicon at one end 
of the tube, and the steam at the other, he obtained silica only in small 
vitreous grains. That is the amorphous silica. 

In concluding this lecture, the lecturer said he could not help forestalling 
what he should say hereafter as to the formation of certain igneous rocks, 
especially of granite. For along time it has been the received notion, that 
all granite, wTbich occurs so abundantly in the crust of the earth, has been 
the result of igneous fusion at a very high temperature ; but there are cer- 
tain difficulties which have always been in the way of accepting this view 
of the subject, — difficulties known, at all events, to those who have been 
accustomed to make experiments on the fusion of mineral substances at 
high temperatures. Now, let us look at the fact of quartz occurring 
in this granite. Granite consists, as most of us know, of three minerals — 
quartz, mica, and felspar; and the (juartz in it is crystallized, and always 
has the specific gravity 2*6. There is not a single instance known to the 
contrary. There is therefore reason to believe that that quartz never 
could have been fused ; for we have seen that the moment we fuse silica, 
no matter in what state it was previously, we obtain a glass-like colloidal 
or non-crystalline mass, having a specific gravity never exceeding 2*3. 
In this fact he thought it would be agreed that there is something like a 
foundation for the inference (even from this single fact) that such granite 
could never have been produced under the condition of a high tempera- 
ture. What those conditions were under which it was produced would be 
hereafter considered. 

Manchester Geological Society. — 2Uh November, 1863. — A new 
safety-hook was described by Mr. George Wild, and the results of an at- 
tempt to get information from coal-proprietors twenty-four years ago, was 
brought before the meeting by Mr. Binney. It appears that to 250 circu- 
lars by the Society, only one reply was received, — from Mr. Kalph Thick- 
nesse, of Wigan. 
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COLONIAL GEOLOGY. 

AGE OF NEW SOUTH WALES COAL-BEDS. 

By Mb. DAnrrssiiE. 

The * Yeoman, and Australian Acclimatizer,* publishes an article on the 
" Age of the New South Wales Coal-beds," by Mr. Daintree, one of the 
gentlemen connected with the Geological Survey Department of this co- 
lony, from notes collected " during a three montns trip from Melbourne 
to the Upper Burdekin, Queensland." One of the most important facts 
mentioned m these notes refers to the dispute which has been long pend- 
ing between the Rev. Mr. Clarke, of New South Wales, and Professor 
M'Coy, as to the age of the New South Wales coal-fields. It must be 
satisfactory to Mr. Clarke to find that a gentleman of Mr. Daintree's ex- 
perience and undoubted qualifications has done something towards turn- 
ing the dispute in his favour. 

The history of this dispute, says our contemporary, deserves attention. 
The Eev. W\ B. Clarke, of New South Wales, has long been distinguished 
as one of the best practical geologists in this hemisphere. In numerous 
instances he pointed out where gold deposits would be found long prior to 
their actual discovery. He had also examined and .reported upon the 
coal-strata of the sister-colony, and from a careful observation of the 
strata in position, and by the character of the fossil remains, he had ar- 
rived at the conclusion that some of the coal-beds of New South Wales 
are of the same age as the Lower Carboniferous series of Europe. Pro- 
fessor M*Coy, however, before he left England, had adopted a notion that 
the New South Wales coal is Oolitic, but that the marine fossils in the 
same neighbourhood, often found in contact with the coal-beds, are Lower 
Carboniferous. With a pertinacity almost amounting to stubbornness, 
Professor M*Coy has adhered to the notion he had formed. After the 
Professor removed to the southern hemisphere, he didf not think it worth 
while to visit the coal-beds in dispute, but continued to controvert, often 
with unseemly and even reprehensible bitterness, the opinions of Mr. 
CJarke, who took an early opportunity of asking European geologists to 
suspend their judgment in the matter for a time, as he felt perfectly 
convinced of victory in the end. Mr. Clarke's argument was, that the 
coal could not be Oolitic and the marine fossils Lower Carboniferous, for 
in one locality examined— namely, Eussell's pits, Stony Creek, Maitland 
(and at other places) — the coal-seams, with the plants in dispute, lie along 
^ay below the marine beds. Some years ago Mr. Clarke sent a section of 
tlie coal-strata to the Eoyal Society of Victoria. Professor M*Coy and 
Mr. Selwyn rejected it, on the pretence that there was a " fault " in the 
strata ; and in the opening address of the president of the society (Sir 
Henry Barkly) in 1861, judgment was given against the opinions of Mr. 
Clarke. Throughout the dispute, that gentleman has been often unfairly 
dealt with, and harder things have been said than have appeared in print. 
In vol. V. p. 107, of the Transactions of the Eoyal Society of Victoria, there 
is a passage in a paper by Professor M*Coy, pretending that Mr. Clarke told 
him and Mr. Selwyn that the specimen produced by Mr. Clarke in proof 
of his opinion was one of plants belonging to beds from which it had 
fallen, or might have fallen, from the top to the bottom of the shaft. Mr. 
Clarke replied to this statement, but it was afterwards repeated (vide p. 
217, vol. V. of the Eoyal Society's Transactions), as if Mr. Clarke, who 
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produced the specimen in proof of the age of the coal, could have ad- 
nsdtted that all he had said was untrue. The ' Australian Yeoman ' is 
convinced that Mr. Clarke is right, and Congratulates him on his triumph 
over a stubborn foe. 

Then follow the geological notes collected during a three months* leave 
of absence, spent in a trip from Melbourne to the Upper Burdekin, Queens- 
land (with a plan and section), by Eichard Daintree, field geologist, Vic- 
toria ; the substance of which is, — 

Starting from Melbourne, the Tertiaries of Port Philip Heads, the 
Amygdaloids of Cape Schank and Philip Island, succeeded by the cliffs of 
the Uape Paterson Carbonaceous strata, were rapidly passed. Next, the 
granite of Wilson's Promontory and the low sandy Tertiaries of Gipps 
I^ind. The promontory of Cape Howe was scanned, in the hope that it 
would afford some connecting link between the eastern extension of the 
Carbonaceous strata of Gipps Land and the southern coal-fields of New 
South Wales, but, from the distance no sign of stratified rocks could be 
discovered. 

Xiama was the first point where sedimentary strata, traversed apparently 
by dykes of so-called " older basalts," met the view ; they form part of 
the New South Wales coal-group. Here the Basalt relieves, with undula- 
ting slopes of rich agricultural soil, the usual sterile character of a Carboni- 
ferous area. From K^iama to Sydney, cliffs of sandstones of the coal-group 
afford sections showing the gradual ascent into upper beds, the " Hawkes- 
bury Series " of Clarke, on which Sydney stands. Crocodile Head, six 
miles north from Jarvis Bay, is a worthy subject for an artist's pencil, so 
picturesque is the grouping of these rocks at that particular point. From 
Sydney to Newcastle, bold bluffs of the same formation give facility for 
studying this part of the series. From Newcastle to Stony Creek is but 
a short trip, and as there are sections on which Mr. Clarke bases his evi- 
dence of the Palaeozoic age of part, at least, of the New South Wales 
coal-seams, it is one of the necessary pilgrimages for the wandering geolo- 
gist in search of truth. What I saw there I will state in as few words as 
possible. I saw three shafts on Mr. Russell's estate — ladder-shaft, work- 
mg-shafl, and 200 ft. shaft. Ladder-shaft is 19 ft. below the level, and 
132 ft. west of working-shaft. Working-shaft is 9 ft. below the level, and 
360 ft. north-west of 200 ft. shaft. The dip of the strata is east 6^ south. 
Taking working-shaft as a pivot, ladder-shaft is 6°, and " 200 ft." shaft 39° 
off the line of dip. Reducing these distances between the shafts to the 
corresponding distances on uie dip, we have — ladder-shaft distant from 
working-shaft 132 ft. nearly, " 200 ft." shaft distant from working-shaft 
280 ft. For details of the various strata passed through in these shafts 
see Clarke's 'Discoveries in Australia,* p. 63. Four coal-seams were cut 
in the several shafts. We may distinguish them as the 5 ft. 7 in. seam, 
splint seam, working seam, and bottom seam. Now the working seam, 
No. 16 and 18 of Clarke, is removed between ladder and working shafts. 
The top of this seam is struck in ladder-shaft at 24 ft. 4 in., and in work- 
ing-shaft at 92 ft. 4 in. The difference in level being 19 ft., will there- 
fore give a dip of 49 ft. in a horizontal distance of 132 ft., or the relation 
of perpendicular to base of l:2*7=dip of over 20°. As 5 ft. 7 in. seam 
crops at the surface of ladder-shaft, it will not afford safe data for calcula- 
tion of dip between it and working-shaft. In *' working " shaft top of 5 ft. 
7 in. seam is met with at 60 ft. 9 in. from the surface, in " 200 ft." shaft at 
163 ft., or, subtracting 9 ft. for difierence of level, at 144 ft. This 
gives a difference of 83 ft. 3 in. in 280 ft. horizontal distance, or the rela- 
tion of base to perpendicular 1:3*363. In '* working-shaft," bottom of 

TOL. VII. L 



74 



THE GEOLOOIBT. 



working-seam, with 2 ft. parting of sandstone, is reached at 07 ft 10 in., 
to which add 9 ft. difference of lerel = 106 ft. 10 in. ; and in " 200 ft." 
shaft bottom of same seam, with 5 ft. parting of sandstone, is reached at 
187 ft. 1 in., which gives a difference of 80 ft. 3 in. in 280 ft., or relation 
of base to perpendicular 1:3*48. It will be seen from these figures that a 
higher dip prevails between "working" and "ladder" than between 
" working " and " 200 ft." shafts, and also that the strata intervening be- 
tween " 6 ft. 7 in." and " working " seams vary in thickness, and that we 
cannot deal as with straight lines in the calculation of the general dip. I 
have therefore taken the mean between the dip of the " 6 ft. 7 in. and 
" working " seam, between " working " and " 200 ft." shafts, as the nearest 
approximation for calculating the outcrop of the different strata. This is 
81 ft. 9 in. in 280 ft. The relation of perpendicular to base 1 : 3-425 = ie° 
nearly. This places the outcrop of the lowest stratum (Clarke's No. 25) 
at a point 993 ft. S. 6° W. from the top of Kusseirs " 200 ft." shaft, sup- 
posing the surface of the ground at the same level. Outcrop of top of 
bottom seam, 794 ft. ; ditto, working seam, 611 ft. ; ditto, splint seam, 573 
ft. ; ditto, 5 ft. 7 in., 524 ft. And these are the positions assigned for the 
various outcrops in the accompanying plan ana section. When the de- 
tails of these shafts were first made known by Mr. Clarke as a proof of the 
Palaeozoic age of the coal, Spirrfera FenegtelUt, etc., being found in 
abundance above, and Glossopteris associated with and below the coal, it 
was suggested by Professor M*Coy, that the data given by Mr. Clarke 
showed tlie existence of a fault between " working " and " 200 ft." shaft, 
and that possibly to this fault the reversion of beds might be due, but the 
Paleeozoic character of the fauna was not called in question. This error 
arose from taking the absolute distance between the shafts (360 ft.) 
instead of the reduced distance to the line of dip of 280 ft. Eeferring 
to the extension of Russell's coal-seams to the northern railway, un- 
fortunately at a point where no marked bed of RusselFs series can be 
absolutely identified, we have an apparently unbroken series of strata 
dipping in the same direction, and at about the same angle, as those 
in Kussell's coal-pits, extending from a point at 19 miles 72 chains 
from Honeysuckle Flat to 21 miles 37 chains from the same place, the 
beds frirthest to the eastward dipping at a greater angle. This affords a 
thickness (taking the angle of dip at 16°) of 2365 ft of strata, abounding 
in fossil fauna from bottom to top, very low down in which coal-seams wil£ 
Glossopteris occur. Fossils from eacn of the cuttings on the railway and 
from Busseirs shafts were procured, that paleeontologists may satisfy them- 
selves of their European parallel. If it oe admitted that the fauna found 
in the upper strata of these shafts is Palseozoic, then these coal-seams, at 
least, are Palseozoic, and Glossopteris has a much lower range than has 
hitherto been assigned it, except by Mr. Clarke. JN'eitherdoes there seem 
any reason why Mr. Clarke should not place the Newcastle coal-seami 
(his No. 3 Carboniferous group) in the upper portion of this Stony Creek 
group, no known unconformity existing, smce no fauna or flora typicfd of 
the Mesozoic period has, I believe, yet been found in the said No. 3. Thii 
brings me to the consideration of Mr. Clarke's present arrangement of the 
Carboniferous series of New South Wales. First. " Wianamatta beds " 
with insignificant coal-seams, the upper beds of which are the probable 
equivalents of our Otway, Bellerine, and Wannon beds, in which Glosso- 
pteris has not yet been found. Second. " Hawkesbury beds," with insig^ 
hificant coal-seams, and no Glossopteris. To this series Mr. Clarke refers 
the Grampian sandstones of Victoria, though Mr. Selwyn places tiiem 
with No. 4. (By Grampian sandstones I mean the beds constitutiDg the 
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siefira.) Third. "Carboniferous beds," containing the workable coal- 
seams, with Glossopteris by far the most abundant fossil. In the lower 
portion of this series, four known coal-seams are interpolated with strata 
containing a fauna similar in character to that found in the Carboniferous 
Limestone of Europe. Fourth. " Lepidodendron beds," not associated 
with coal-seams as far as yet known. If this arrangement is correct, and 
my experience as a field geologist is entirely in its favour, it is of great 
practii^ value to us in Victoria in the search for workable coal-seams, and 
should cause us to direct our attention to the upper beds of the Avon se- 
ries, Gipps Land, where No. 4 is so well developed, and also to Cape Lip- 
trap, where Carboniferous Limestone is supposed to crop out, in the hope 
of finding the Glossopteris beds. It points unfavourably towards the Te- 
nsBopteris and Zamites bearing beds, which we have hitherto regarded as 
our coal-producers, but which, as vet, have yielded nothing better than 
the Cape Paterson seams. 4000 ^et also of these same beds have been 
tested oy boring in the Bellerine district and have yielded nothing ap- 
proaching a woncable seam. 

In the collection of fossils forwarded by Mr. Clarke to Professor M*Coy, 
at Cambridge, specimens had been collected from the three upper divisions 
of the Carboniferous series of New South Wales ; the subsequent division 
of the group had not then been worked out by that indefatigable geolo^ 
f2^t, and it is in this way, I believe, the mistake has arisen between Mr. 
Clarke and Professor M'Coy. Whether the fauna that overlies Russell's 
coal-seams is most assimilated to the PalsBozoic or Lower Mesozoic forms 
of Europe, is a question on which I am not competent to form an opinion. 
When the question shall have been settled by paiseontological authorities, 
it seems to me that little will have been done for the physical geologist at 
the antipodes, who must trust to the order of superposition, ramer than to 
the palffiontology, to work out the order of sequence, holding the opinion 
of Professor Huxley, that ** there is no escape from the admission, that 
neither physical geolo^ nor paleontology possesses any method by which 
the absolute synchronism of two strata can be demonstrated. That the 
moment the geologist has to deal with large areas, or with completely se- 
parated deposits, then the mischief of confounding homotaxis, or simi- 
larity of arrangement which can be demonstrated, with synchrony or iden- 
tity of date, for which there is not a shadow of proof, under the term of 
contemporaneity, becomes incalculable, and proves the constant source of 
gratuitous speculations." All the facts that we have to guide the field- 
geologist in Victoria in his search for Clarke's No. 3 Carboniferous beds 
(contaL:king the workable seams of New South Wales) are these, — that 
they are very low down in the Carboniferous series ; that the lowest beds 
contain a fauna nearly allied to the Lower Carboniferous of Europe ; that 
Gclossopteris is associated with all the coal-seams, and is the most common 
and characteristic fossil of the said No. 3. This peculiar fauna or flora 
has not yet been observed in Victoria. Leaving now this most interesting 
piece of country and coasting along to Moreton Bay, under the lighthouse 
on Moreton Island we have sandstones, with a slight inclination, appa- 
rently, of the Carboniferous series cropping from under the Tertiary (?) 
sand of which the island is composed. If this is really Carboniferous 
Sandstone, Moreton Island may shortly become more valuable than its 
outward appearance would lead one to suppose. The rocks on which Bris- 
bane stauiu may be referred to the Upper Silurian ; they have generally 
a north-easterly dip at high angles, are traversed by numerous quartz 
yeins, and gold woidd surely be found, though perhaps not in workable 
qaantity^ in the gullies around the city. If not covered by the Carboni- 
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ferooj series, as in tlie neigliboarliood of Ipswidi, ire sboold expect ridier' 
deposits of gold in a soath-westerly direction on getting into rocks lower 
in the Silurian series, that is imppomng them still to retain their north- 
easterly dip. Passing ont of Moreton Bij, and still going northerir, 
Tertiary sands of the Brighton series oocnnj low-lying conntiy on md 
coast, tne Glass House Peiuu, said to be Tcaeanie, raising their peaked 
heads from the plain with sharper outline than the craten of Ascension. 
At Double Island Point, the southern entrance of Wide Bay, Basalt un- 
derlies the Tertiary, and hence to Inskip Point are diflb Uie exact coun- 
terpart in lithological character of the Bed BlnflT series, Brighton. The 
streets of Maryborough are metalled with soft sandstone, similar in ap- 
pearance to the Melbourne beds, and fifteen miles in a south-westerly ai- 
rection gold of a nuggety chanuTter is being found in quantity, and aoont 
a hundred diggers are employed. 

Hence to Bockbampton the sandy tertiaries prerail along the coast 
Under Woody Island, and at one point on Fraser s Island, Basalt is seen 
in places cropping from under the sand. Bockhampt<m stands on rocks 
which dip to tne north-east at high angles. A quarry opened at the side 
of one of the streets exposes a fine section of these. They consist chiefly 
of altered slates with bands of impure limestone containing fossils, too- 
nounced by Professor M*Coy as Paueozoic. The altered slates, almost Ly- 
dian stone in places, resemble those of Mount Stayeley, Victoria. lio 
quartz reefs were noticed in them. In the range of hills opposite fiock- 
hampton, these same beds have a westerly dip, and splendid sections are 
afibrded of the sequence of beds in the heads of the creeks running 
from these hills. Up the Fitzroy, about four miles abore Bockhamptoo, 
a marble is quarried for lime-burning ; it has a north-easterly dip, and ap- 
pears to be nearly the uppermost stratum of the series exposed in the 
neighbourhood. Cornelians, some of large size, are found in the gravel 
drift of the Fitzroy at this point, probably washed from granitoid rocks 
exposed higher up that stream. Leaving Keppel Bay and going north 
among the islands, all is granite (Pentecost Island is one of the most re- 
markable in form). Grenerally they are pine-clad, and have a most pic- 
turesque appearance. The sail from Bockhampton to Port Denison is, in- 
deed, one of the most charming it has yet been my fortune to undertake. 
Bounding Gloucester Island, a precipitous granite ridge. Port Denison, is 
reached. 

The township of Bowen stands on Tertiary sand resting on a granitoid 
rock. The same geological feature extends along the coast northward to 
the Burdekin river, Cape Upstart, Mount Abbot, and numerous smaller 
peaks of granite rearing their heads above the Tertiary plains and alluvial 
swamps at their base ; indeed, were the coast line submerged to the di- 
viding range 200 ft. below the present level, it would present the same 
features as now obtain from the present shore to the Barrier Beef. At the 
lower crossing of the Burdekin, the cornelian-bearing granitoid rocks are 
again in force, and abundance of cornelians are to oe found in the river 
sands. Following the present well-beaten track to the Valley of Lagoons 
at the head of the Burdekin— a track which twelve months ago did not 
exist, but is now as plain and well-worn as any in Victoria (the distances 
in miles marked on the trees) — for twenty-nine miles from tbe Lower 
Burdekin crossing, we pass over a level, sandy, Tertiary area, with large 
patches of swampy alluvium. At the twenty-seventh milestone Kill Bm- 
lock Creek is reached, on the east bank of which a well-defined quarts 
roof crops out from a matrix of rotten granite. This granite is exactly 
similar in character to that of Omeo and that of some portions of Tambo 
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Eriver, Gipps Land. Frequently hornblende replaces the mica altogether ; 
it is then this rotten character is most observed, and the decomposition it« 
self has been so active in places, that at the forty-first milestone a fresh- 
water deposit of white limestone has accumulated to a very considerable 
thickness. At the forty-second milestone the summit of tne coast ran^e 
is reached. Hence to tne fifty- third milestone, the last crossing of the 
Fanning river, these same granitoid rocks prevail. In the bed of the 
Fanning river gold of rather coarse character has been found, both by 
Mr. Eoss, of the Fanning, and a party of miners who accompanied Mr. 
Brown, of Sydney, to open a supposed copper-lode in the neighbourhood. 
[The specimen given me by Mr. Brown was examined by Mr. Wood, at 
the Geological laboratory, and found to be specular iron ore.] Now this 
is exactly the character of granite described by Mr. Clarke, of Sydney, 
as gold-bearing ; in fact it was from the description in his * Southern Gold- 
fields,' that I was led to give more than ordinary attention to this area, in 
hope of getting at some practical result. 

My time would not permit me to prospect for myself, but I am of 
opinion that a less lucrative employment might be found than gold-wash- 
ing in Blill Bullock Creek, and from there to the Fanning river the geolo- 
gical indications are equally favourable, supposing it to be a fact that gra- 
nite of this description, or even quartz reefs in granite, are the matrix of 
gold. It is true that on the top of the coast range boulder-pebbles of 
rocks foreign to those in situ are scattered over the surface of the ground, 
and although denudation over this area has been very great, still I saw no 
sign of Silurian rocks in or near the Fanning ; there are certainly none on 
the east side coast-range. This looks like one more example of the occur- 
rence of " gold in granite." At about the seventieth mile from the Lower 
Burdekin crossing, the granites give place to limestones full of corals, with 
a lithological character, the exact counterpart of those of Buchan and 
Bindi, Gtpps Land ; they are as much contorted as these, but their most 
regular dip is N. 30°, E. 50°. The same physical outline is also here ob- 
tained, and Bindi, dotted with small clumps of scrub, overgrown with 
many-tinted creepers, to give variety to the landscape, would serve for a 
photograph of Cunningham's Burdekin Station. These limestfones were 
either very thin originally or they have been greatly denuded, since the 
granite crops at the surface at intervals till we lose it altoorether, and at 
the Upper Burdekin crossing regularly stratified pink and brown sand- 
stones and breccias make their appearance, dipping south-westerly at an 
anele of 10° to 15°. 

On the west side of the Burdekin, Basaltic lava veils the underlying 
rocks, but on crossing a deep cutting creek, six miles from the crossing 
place, these same pink sandstones occupy the bed of the creek, with a 
westerly dip at 15°. These sandstones I take to be the northerly exten- 
sion of the Carbonaceous series, which I have Mr. Gregory's authority for 
stating extend from the junction of the Suttor with the Burdekin to Dar- 
ling Downs. The usual section on the Buckland table-land, according to 
this authority, is — 1. Basalt; 2. Upper Carboniferous Sandstone ; 3. Coal- 
measures ; 4. Limestones, with spirifers. I am indebted to Mr. Bichard- 
son, of Bockhampton (of Burns, Bassett, and Co.), for the information 
that a seam of coal 6 ft. thick crops in the banks of the Mackenzie, near 
Cooroorah station, with a general S.W. dip, resting unconformably on the 
conglomerates and sandstones of Mount Stewart. 

From this Upper Burdekin crossing west to the watershed of the 
Flinders the country is entirely basaltic, Fletcher's Creek forming its main 
boundary on the south, and the Clarke river on the north, where the 
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underlying rock is seen in the bed of " Basalt " or '' Limestone " cteek ; it 
is of a granitoid character, but Mount Caroline, the southernmost peak <^ 
Perry's Sange, is of altered slate, highly inclined, with numetoos and 
broad c[uartz reefs on the flanks, the summit being composed of ffyenite^ 
and this appears to be the character of the rooks of the Upper Clarke^ 
though blue fissile slate with quartz reefs is more abundant there. Mr. 
Clarke has long ago pointed out this district as a future gold-field. Tki 
fulfilment or otherwise of the prophecy is at hand. It was from driOs 
overlying the Basalts of this district I obtained the bones of DiprotodoOt 
the most northern part of Australia in which, at present, the fossil re* 
mains of this animal have been found. It is to these drifts that the cattle 
in the neighbourhood come to lick, and I am of opinion it is more for the 
phosphates from the bones of Diprotodon and his allies than from tJie oMo* 
rides they contain. 

A weU-defined crater exists at a point bearing S. 3CP W. from Monnt 
Caroline, dibtant 36 miles. From the top of this an excellent view is ob- 
tained of the boundary of the Basalt to the south. Granite spurs, g^radoally 
sloping to the southern side of Fletcher's Creek, have checJced its furthec 
development in this direction. 

Looking westward, we have a gradual rise to the table-land forming part 
of the watershed between the Flinders and Burdekin rivers, broken at mi^ 
tervals by low isolated pea ks or ridges. From this point may be seen the 
Mount Mayne, etc., of Walker. South of this hill, about two miles, oom^ 
mences what is called a " Basalt wall." This is said to extend in a soutii- 
easterly direction as far as, and across, Fletcher's Creek, and I believe no 
one had up to that period penetrated above this up Fletcher's Creek, 
Where I struck it it nad the appearance of a wallea city ruined by aa 
earthquake, the outer wall, though much rent, preventing the access of % 
horseman to the debris lying within. Creepers and shrubs of great yarietj 
grew over all, whilst a swarapy bog at the base of its blafl* margin, rich in 
ferns, promised on the whole a harvest for the botanist, a safe retreat for 
the blackfellow, and charming " little bits " for the artist or photographer, 
I regret much that I could not devote the time to following down this 
" Basalt wall," and more thoroughly exploring it. Whether it is the mar* 
gin of an enormous crater, or a more recent lava-flow than that of the sur- 
rounding level country, I had not leisure to investigate. These Basaltio 
Lavas difler in no respect from those of probably the same aee in Yic* 
toria ; a suite of specimens collected on iKeilor Plains and on the Upper 
Burdekin could not be distinguished the one from the other. A peculiar 
feature of the Basaltic country here is, that the banks of the main, deep- 
cutting creeks are very rocky, whilst the branch creeks are usually th9 
drains of open, gently -sloping well-grassed downs ; table-lands of lightly* 
timbered and usually coarser-grassed country intervening between the 
branch creeks. The timber on these table-lands is chiefly tnat known as 
*' stunted ironbark," and a remarkable feature is the absence of fallen 
timber. This is attributable to the fact that the centre of nearly all the 
trees is hollow, makiug them an easy and certain prey to the first bush- fire. 

Taking a general view of the geology of Queensland, as far as could he 
obtained in such a flying visit, and from the reliable information I could 
collect, it would appear that a belt of Upper Silurian Tocks extends along 
the coast from Bnsbane to the neighbourhood of Broad Sound, and that 
their strike being nearly parallel with the coast line, has mainly determined 
its outline. Their dip, wnere observed, is north-easterly, at a high incli- 
nation. The Maryborough and Rockhampton beds I would place at about 
the same geological horizon ; lower in the series would come the gold-fieldi 
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of Canoona, and those south-westerly from Maryborough, and to the strip 
of country beween these two gold-nelds we should look for the extension 
of diggings. From the fact of these rocks being, as I believe. Upper 
Silunan, gold-fields of the type of Caledonia and Anderson's Creek are to 
be expected rather than those of Sandhurst and Ballarat. Silurian rocks 
again make their appearance at Mount Caroline, the southernmost peak of 
Perry's Ranges, Upper Burdekin. On the flanks of this hill their general 
dip is south-westerly. These rocks I should consider about the horizon of 
the auriferous series of Peak Downs, and that they represent the western 
portion of a great anticlinal axis, of which the Canoona and Maryborough 
Deds represent the eastern. The dome of this axis has been denuded, and 
gone to form a portion of the material of that enormous carboniferous de- 
posit which, as Mr. Gregory informs me, extends from the junction of the 
Suttor with the Burdekin southward to Darling Downs. From Broad 
Sound northerly to Mount Elliot, the coast range is of granite and its 
yarieties, and in streams flowing exclusively through the granite, auriferous 
drift is found. 

Whether the extension of the Silurian system over this country has been 
entirely removed, and the granite represents only the base pf this supposed 
anticlinal dome exposed by denudation (as the objectors to gold in granite 
would probably ar^e), is, of course, uncertain ; this much at least can be 
■aid, that the drift in which this gold is found is essentially granitic, and 
the resemblance to the granites of Omeo and Tambo River, &pps* Land, 
is remarkable. Basaltic lava flows, of greater or less extent, are met with 
in various parts of the colony, e.g. between the Clarke river and Fletcher's 
Creek, the Valley of Lagoons, the Buckland table-land. Peak Downs, etc. 
Between the 19th and 20th parallels of latitude the greater part of the 
country seems to be 0C3upied by it. The tract of country included between 
the Clarke and Fletcher's Creek has received its Basaltic covering from 
local craters, which form conspicuous landmarks only from high ground ; 
they are too low to be seen in timbered country. The Basaltic areas are 
those best adapted for pastoral purposes in the tropics, their rich soils in- 
ducing the prowth of the finer grasses with abundance of herbs, whilst 
their elevation above the sea renders the climate less enervating than that 
of the seaboard. From Mr. A. C. Gregory I learn that the representatives 
of our " older Basalts " of Philip Island, Cape Schank, etc., are found as 
dykes cutting through the Carboniferous series, and he draws the distinction 
(which holds in Victoria) between the Basaltic lavas of the plains and these, 
that the former were ejected from individual craters, the latter from fis- 
sures, forming dykes in rocks they traversed. 

The geology of Queensland, therefore, seems to differ little from that of 
Victoria, except in the relative areas occupied by each formation, the 
neighbourhood of Fitzroy Downs, from which the Wollumbilla fossils have 
been received, affording the only prospect of novelty to the Victorian 
geologist. 



NOTES AND QUERIES. 



DsyoNiAKS IN Nobth-East Fbance. — It is well known that the De- 
Tonian rocks of the Meuse extend towards the Boulonnais, and are con- 
nected with that enormous line of dislocation and upheaval which has 
brought up tlie coal-measures and subjacent rocks in a direction from 
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Tonrnay to St. Omer. ' The researches of M. Gosselet, which have been 
recorded by him in a most able memoir on the Palaeozoics of Belginm, 
published in 1860, and a few communications made by him to the Ueolo- 

fical Society of France, leave little to be desired, either on the score of 
escriptive or comparative geology. Led by a desire to ascertain how far 
the appearance of the rocks representing the uppermost strata of the De- 
vonian there shown agreed with our own Devonshire types, I made recently 
a brief excursion to Avesnes and Oltrungt. The former place may be 
reached by a pleasant walk of about four miles from Aulnoye, a station on 
the line to Maubeuge, or by country diligence from Landricies. On getting 
out of the Neocomian plains covered with loamy soil into the more diversi- 
fied country near Avesnes, the cuttings begin to show a shivered rock of a 
snuff-brown colour, having a Devonian facies. The road-metal is evidently 
carboniferous limestone. This continues into the town, and thence south- 
wards by the great road for about two miles, when a black massive lime- 
stone crosses the road, and is worked in the field adjoining in vertical 
beds. Fossils are scarce, but the series of beds are like those of Newton 
Bushel. Proceeding on to Oltrungt, and visiting the quarries so well 
described by M. Gosselet, we have undoubtedly the South Devon lime- 
stones and shales in full force, with abundant fossils. There are a few 
fossils of the Upper Devonian (Clymenia), and some of the Petherwyn 
forms, but on the whole the group is that of Plymouth and South Devon. 
The copious lists of M. Gosselet will furnish comparison with our own lo- 
calities. The junction in the carboniferous limestone with the Devonian 
is nowhere shown, though quarries in each formation are wrought near to 
each other. But it is impossible for any one acquainted with the aspect of 
the latter in our own country to confuse the two here, as was done for 
many years here. "The former is of the Tournay type, and characterized 
by Producius seini-reticulatu^ and other Toumay forms. The Devonian, 
as a whole, is characterized by Phdcops latifrons, Spirifer Vemeullih 
Orthis crenistria, etc. 

I had only a day to devote to Oltrungt, but it would repay a longer 
stay, and the extensions of the beds on the line of strike well deserve study. 
I could not detect any true apparent Devonian, or any Carboniferous 
beds below the Tournay limestone. — S. R. Pattison. 

Boulder Drift at Marlborough. — In a personal note, Mr. Whit- 
taker, of the Geological Survey, sajs, " In your review of Flora of Marl- 
borough, I think you give a quotation, in which the Boulder Drift is said 
to occur in that neighbourhood. There is nothing of the sort there, and I 
expect that the faults noted are purely imaginary. ' 

Errata. — In the description of the section, Plate I., Fig. 1. instead of 
*• Section from Furze Hill to Farringdon," read " Section from Little Cox- 
well eastward, passing through the pits of Sponge and B«d Gravel."— 
C. J. H. Meyer. 
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ON SPIRAL PLANETARY ORBITS AND THE PHYSICAL 
EFPECTS OF A RETARDATION OF THE EARTH. 

By the 9E!i)itob. 

When *we see ihe untenable deductions to wliich even such an emi- 
nent man as Professor Frankland is led, in his new glacial doc brines,* 
hy Ibasing a meteorological hypothesis upon the unproven basis of a 
central molten core in our planet, we cannot but be the more con- 
vinced of the necessity of reconsidering the theories and hypotheses 
which have been .proposed to account for the origin and supposed 
early conditions of our earth. We have been called upon by geolo- 
gists to reject the Mosaic cosmogony because its statements were 
not coincident wit*h geological facts, and equally now are we callecL 
upon to examine wliat tliose asserted geological facts are, and whe- 
ther t'he asserted superior theories of geologists are substantially 
cottrect, or whetlier tJhey are one whit less mythical than the tradi- 
tions of itboriginal peoples. 

Because men saw what ihlroug'h their telescopes looked like lumi- 
nous clouds, the elder Beirschel and Laplace assumed the idea, still 
later urged l)y ll^Tichols, that these celestial nebulsB were vast masses 
of eih^reil vapours conclensing into stars. !M!odem telescopes, how- 
ever, constantly bein'g inc^abed in size and power, have resolved one 
after the other oi these into wonderful star-systems — dust-clouds of 
Inlliant suns. And has not evek'y one of these far distant stars 
non-luminous planets ancl worlds rolling round it, as our earth and 

• SeeProoeediDgs of Rqyal InsUtatioD, .page 105. 
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ltd sister-planets round our sun ? As baseless then as the fabric of 
a vision is the nebulous theory, ingenious undoubtedly and creditable 
to its authors as a suggestion, but every tittle of evidence to support 
it has vanished, and left not a wreck behind. We ask the supporters 
of this doctrine — for many still there are — to point out an instance 
of the evolution of light and heat by slow condensation of gaseous 
matter P If we fire hydrogen and oxygen, the condensation assumes 
the form of an explosion, light and heat are generated in a sudden 
flash, and the resulting drop of water is formed. If then the mate- 
rials of the earth were derived from the condensation of gaseous mat- 
ters in space, that condensation would be of the briefest period of 
time, not enduring for unaccountable ages, — the formation of our 
globe rapid and suddenly consummated. Was it so ? If by loss of 
heat in condensation the solid and fluid materials of our earth were 
thus resolved into a globe, heat must have been the cause of the pre- 
vious expansion of those materials into a gaseous state. Whence, 
then, was that heat derived ? In the interior of our earth, where 
every atom of matter is subjected to pressure and chemical action, it 
is easy to see that in the natural order of the correlation of physical 
forces, motion and heat must be produced. And so far it is certain 
that in the natural and unavoidable changes which are there going 
on, heat equal to any degree of temperature yet observed in the deep- 
est mines, or the waters of the deepest wells, may be constantly gene- 
rated and maintained. If we take the meteorites which have fallen 
upon our earth and examine them, even the smallest are composed 
of solid earthy or metallic substances. May not these meteorites be 
the nuclei of worlds P If iron, potassium, sodium be in vaporoos 
incandescence round the sun, why may not metallic particles exist in 
space P If solid materials, whether in almost infinitesimally mecha- 
nically-divided, or in vaporous or gaseous states, exist in space, segre- 
gation by such atoms is inevitable. Two or three united together by 
mutual affinity and attraction, would gather in time two or three 
more, and so on rushing through space they would ever gather like the 
snowball in weight and volume as they rolled. May we not ask, is 
not orbital and celestial motion ordained for the very purpose of 
world-increase — the gathering and segregating of more materiab? 
Take this view, and you have the greatest and grandest of worlds 
formed as placidly as a rain-drop, and the mind is relieved of the 
puzzling incongruities of luminous condensation without explosion, 
and of internal cores of molten rock in every planet, without any 
source of .fire to keep the melting up from age to age. 



MACEIE — OK SPIRAL PLAl!rXTABY OBBIT8. 8&. 

The notion of the resistance of the ether of space to planetary 
orbital motion, has been passing through other minds besides our 
own, and since we printed them we have read with much pleasure 
an article by Professor Henrichs, of Iowa, on the Density, Rotation* 
and Age of the Planets, in the * American Journal of Science.* All 
the old astronomical notions of the old astronomers of the perma- 
nence of the heavenly orbs and the celestial system, still retained, 
and too closely and superstitiously adhered to, are based upon 
and must be based upon erroneous foundations. The permanence 
and endurance of heavenly bodies, and the perpetual rectification and 
everlasting persistency of their motions, must be based Upon these 
assumptions : — 1, that space is a vacuum ; 2, that a body set in mo- 
tion in vacuo will continue in motion ad infinitum ; 3, that every 
form of motion must be an accurate mathematical figure perfectly 
and absolutely true, such as a circle, an ellipse, a straight line ; and 
lastly, that there must never be any transportation or intercom- 
mingling of even the merest particles of matter between one world 
and another, nor the least loss nor the least gain of material from 
any planet or sun whatever, from the beginning to the end of time. 
The world at its creation must have been weighed in the balance, 
and not an ounce nor a feather's weight added to it since. Now we 
know there is ether in space ; if there were not, the light of the sun 
would have no material to vibrate upon, and though the sun burned 
with ten times its glorious brilliancy, all would be darkness here, for 
jt is scarcely possible to believe that light could travel in an absolute 
vacuum. We never get, experimentally, a perfect vacuum, pump as 
hard as we can ; fit the joints of our instrument as close as we may, 
we never get one. It is always an atmospheric vacuum, a nitrogen- 
vacuum, a hydrogen- vacuum, an ether-vacuum, — always some resi- 
due ; never a vacuum at all, however near it may approach, — always 
some material particles, no matter how expanded, for the vibration of 
light to thrill along, and this the electric spark and the spectrum- 
prism will always show. K the ether of space exist, — and astrono- 
mers who adhere strongest to the old notions admit it, — there must 
be resistance. The more subtle the ether, the more delicately slight 
the resistance, but still resistance ; and with resistance comes fric- 
tion, with friction retardation and the evolution of heat. With re- 
tardation of orbital motion the diameter of the planet's orbit must 
be contracted. The world might — most probably would — run round 
the sun up to the very same line, radiating from our luminary to the 
same hour, minute, and second, but not to the same spot, but to a 
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spot nearer, no matter how slightly nearei^ to i^e san^ although upon 
the same straight line^ and so year by year the circumferenoe of- the* 
orbit would be ever constantly contracting ; and what must- be the 
ifievitable result ? — a spiral orbit ! ■ 

NoWj let us consider what would- be the- physical' lesiiltni of thid* 
retardation producfing a- spiral orbit. If the retardataon be ten feet 
annually, — ^we will take it hypotheticaUy as such for the presmit^ and 
to still further simplify the proposition we want to put, we will ako- 
take for the present a perfectly cit^ar orbitj because- by so doing- 
we shall get a total result, ai ones, instead of' havitig to elitninate tt 
total result from a period' of duration. If the earth be netarded^ ten- 
inches a month, the total retardation- would be- ten fdet ferine year^ 
so we may assume, for simplicity of explanation, a full total -at^onoa 
Now, then, if the earth were thrown back in: her- orbifr suddenly fdr 
ten feet, what efibct would her momentum- exert upon her coBatiturat- 
material particles? Would' not every one of^theee^ particles have a 
tendency to fly on, and would not thid tenden<^ produce tension- wid> 
inter-particle motion, and* thence, of course, friction, reammgemenl^ 
crystallization, upheaval, and subsidence of masses, ttnd'infemalkeaif 
Has the internal heat of our globe any other source than results 
from the constant retardation of our earth in a spiral' orbit? And' is 
not the primary physical force which evolves all, or principally i^; 
structural alterations and constituent rearrangement of rock-masses? 
And if so, is not this force calculable ? If the earth be retarded'ten 
feet per annum, will not this force be equal to the momentum of the 
mass of our globe for the time our globe takes^ to pass through ten 
feet of space ? Given this rule, can we not estimate the quantity of 
heat that would be evolvedi? It seems to me we can ; and-as by such 
a cause the temperature of the whole of the interior of the earth be- 
neath that mere- rind, subject to solar and- atmospheric variations, 
might be and would be equally warmed to a certain point, whatever 
that may hereafter be determinedto be, and thus the internal heat 
would be naturally accounted for by natural phenomena. And* even 
if it should be found that this cause should be a sufficient source for 
an intense degree of heat,— and it is possible it may be, — we should 
be relieved' of much of the embarrassment which the internal heat 
theory provokes, because we never can get its theorists to assign a 
natural and intelligible cause for its production and maintenance. 
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QN THE :? ORAMINIFEPA OF THE LONDON CtAT. 
B* PftQPESsoB T: EuPEET Jones, r:G.&., and W. K. Pabkbb, Esq. 

In 1*883; T: N. Wetherell, Esq., of Highgatej difeoovered several 
Eopaminifera ib some London Clay taken from a well at the EoweP' 
Heath, on- the south side of Hampstead ; see Proceedi G^eol. Soo* 
voL ii. 1634, p. 93i and Transact; 0eoL Soc. 2 ser. vol. v. p, 131. In. 
pl)M;e ix., one of the two plates accompanying Mr. "Wetherell's paper 
in the Geol. Transactions, these Foraminifera, w,ith other small 
fossils from the clayj were figured by Mr. J. l)e C Sowerby, by 
whosQ help also the determination of the fossils was made. 

At page 135 of Mr. Wetherell's paper, the figured Foraminifera* 
are referred* to as **^Nodosaria, pi. ix. figs* 3^7 ; Articulina, figs. 8« 
10 ; Marginulina, Qg, 12 ; Eotalia, figs* 13-18 ; Cristellaria, fig. 19-; 
Miliola, fig. 20;' Fig. 11, doubtfully referred to " Frondiculina," is 
notr a Foraminifer, but probably the cast of the palettes of a Teredo- ;- 
a sitiiilar fossil is figured' and: thus, designated oy D'Archiac in the> 
M6tn. Soo. Qt6oh Frano. "We have seen, in Mr.'WetherelUs oollec- 
t«on, thQ' Foraminifera from, the welh above>mentioned, as well as; 
others- from the* London Glay of Hampstead^ Highgate^ and-Finohley* 
"We possess a large series of picked specimens collected by Mr. Joha^ 
Burdue f]fom the London Glay of the' Copenhagen Fields^ Islington, 
whon« the cuttings for the Great Northern Eailway were being made ;• 
also somo fVom» the London Clay of Finchley, Chelsea* (bed' of; the-. 
I^hames), and: Clapham ; andt a ^ry fine suite of specimens' from 
'Wimbledon Common (out of the clay at about 100 feet in depth). 
The last-mentioned series is. probably a nearly complete locaLEora-- 
niitiiferal fi&una; for very many pounds of dbe clay were minutely 
Qxamined^ and there are only one species, and- three- varieties of^ 
in^w other species, to be added • from our other > gatherings^ fropi the 
IfOndon Clay. 

With regard to th^ figured specimens ffron^ tile wall near Hamp-. 
stead, the followitig is our determitiataon of the species and varieties ; 
most of the lattery however^ as well as the real species^ have distinct 
names^ a& is common and conV'Onient with Foraminifera :^-r- 

Geol, Trans. 2 ser. vol; v^ pi. ix^ fig* 3; DmialitiaBucMi'RBViiSi 
d. g. G3e». Zeitschi ill pi. iii. &g, 6i The specimen, still preserved by Mtv 
Wetherell, shows the characteristic, minute, longitudinal*riblets<cros8»'. 
ing-tiie- septal constrictions^ but not se^i in the figure^ This i^^ not 
an uncommon variety in some Tertiary deposits^ 

Fig^ ^ Dentalina eUganSf B^Orb^ Foraiii» ifossi Bas. Yien. pU ii 
fig/ ^i This- i6 a fragment of" one of- the- manifold' subvarieties oo 
indiWduali modifications of D^ c^mmuni^ D?Orb^., which ha» abundani?^ 
pepres^nta^ves in the living-and fossil, states^ 

Fig. 5. Dentalina spinulosa, Mont^u, Testi Brit^. Sappl. p)i xi^G^ 
^4 5; i>. 86. A fragment, figured^upside down. A similar fragment, 
figureQ* and de8erib(Bd< by'Montagu, obtained by Mi*» Boys from- t^Se 
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sea-sbore of the south-east of England, and long thought to be recent, 
has been referred by us to the London Clay. (Annals Nat. Hist. 
8 ser. vol. iv. p. 346.) Differences in the development of the little 
prickles constitute the chief distinctions of the closely allied forms 
D. spinulosa, Montagu, D. Adolphina, D*Orb., 2). spinescenSj iieuss, 
D. spinosa, D'Orb., and D. gpinicosta, D*Orb., in all of which the 
.ongitudinal riblets, so characteristic of well-grown NodosarinsB, are 
modified as spines and prickles ; whilst in another closely allied set of 
forms, the pnckles are less regularly arranged in rows, and of varying 
strength ; namely, in Nodosaria hirsuta, D'Orb., ^. rugosa, D'Orb., iV. 
punctata^ D'Orb., N. aculeata, D'Orb., ^. hUpida, D'Orb., JST. oaiu 
spurcata, Heuss, If. aspera, D'Orb, Dentalina aculeata^ D'Orb., D, 
floscula, D'Orb., D. scabra, Beuss, MarginuJina hirsuta, D'Orb., and 
M. cristellaroides, Czjzek. The modifications of form, from the 
straight Nodosaria, through the bent Dentalina, to the still more 
curved Marginulina, do not any more represent specific differences 
than the modifications of the exogenous riblets and pricklea. Nor 
do the difierences in the relative size and gibbosity of the chambers 
afibrd more distinctive characters ; but all these features are subject, 
one with another, to endless gradual transitional modifications in the 
NodosarinsB. D. spinuloBa and its subvarieties are exceedingly com- 
mon in the London Clay and in the Septarien-Thon of Q«rmany and 
other Tertiary beds. 

Figs. 6 and 7. Textularia (Vemeuilma) communis^ D'Orb. The 
figures do not distinctlv exhibit the peculiar triangular apex of the 
shell; a feature arising from its being at first a triserial^kr^i^^oria (Fer- 
neuilinn), before it grows with a single line of chambers only, so taking 
a Nodosarian shape. The shell is rough with grains of sand cemented 
into its substance ; a structure affected by Textularia and some other 
genera, but not by Nodosarina. It was mistaken by one of us for 
a Nodosaria, and named ^ rmtica, Jones, in Morris's Cat. Brit. Foss., 
1854, p. 37 ; and Montagu evidently had specimens (derived from the 
London Clay) before him when he described and figured the " Nautilus 
Kadicula," Test. Brit. p. 197, pi. xiv. fig. 6 (not pi. vi. fig. 4) ; see Ann. 
Nat. Hist. 3 ser. vol. iv. p. 344 and p. 350. This elongated dimorphous 
Textularia is one of D'Orbigny's ClavulinsB (Cliwulma commumi. 
For. Foss. Vien. pi. xii. figs. 1, 2) ; other " ClavulinsB " are elongated 
UvigerinsB and Valvulin» (see Ann. Nat. Hist. 3 ser. vol. v. p. 469). 
This little Foraminifer is very common in the London Clay and iu 
some other Tertiary deposits; and it still lives in the Mediterranean. 

Fig. 8. Nodosaria Badenensis, D'Orb. For. Foss. Vien. pi. i. 
figs. 34, 35. This is a modification of the usually more regular If. 
Maphanistrum^ Linn. ; indeed, the increase of size in s<3me of the 
chambers is so variable, that there is no real ground for the se]^aration 
of this from the next form, with which it is associated in considerable 
abundance in the London Clay, and several other Tertiary deposits. 
The specimen figured is a fragment. 

Fig. 9. Three chambers of the long, cylindrical, ribbed Nodosaria 
Baphanistrum, Linn., the same as JV. JBaoillumy Defrance, N, aquaUs, 
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Sow., J\r. affinisy D*Orb., etc. Common in the London Clay, the 
Vienna basin, the subapenuine Tertiaries, the Malaga, San Domingo, 
and other clays, and recent at Jamaica. 

Fig. 10. Nodosaria Raphanus, Linn. This is less developed com* 
pared with the foregoing, and is equally, if not more abundant in the 
recent and fossil state. Its modifications are endless, and its names 
proportionally numerous. There is no real demarcation either between 
N, Raphanus and N, Raphanistrum, or between them and their sub- 
varieties, however modified as to size and number of riblets, close- 
ness or division of the chambers, conicity or cylindricity of the shell, 
its straightness or curvature, or the more or less central position of 
the aperture. Gradual changes lead us, on one hand, to the costu- 
late and prickled Dentalinse and MarginuliusB above referred to ; and, 
on the other, to the smooth Nbdosdria radicula and Dentalina com- 
munis; whilst YaginulinsB, MarginulinsB, and Cristellarise, with and 
without riblets, come out, as it were, from the straighter forms with- 
out any real specific difierences, however convenient it may be to 
retain distinct names for nearly all the modifications alluded to. 

Fig. 12. Marmnulina Wetkerellii, Jones, in Morris's Catal. Brit, 
Foss. 1854, p. 3y. Montagu had this little shell also in the Boysian 
Collection, doubtlessly from the cliflF-washings of Kent, and referred it, 
erroneously, to what is now known as a narrow variety of Peneroplis 
planatus. It is one of the most common of the Foraminifera of the 
London Clay, and though somewhat similar MarginuliosB occur in 
other Tertiary beds (San Domingo), and even in the Chalk (of Meck- 
lenburg),* and the CJlays of the Oolites, yet it remains as a distinct 
variety. It had a peculiar habit of ending its growth with one or 
more simple, contracted, smooth, dentaline chambers, figured both by 
Montagu and Sowerby. 

Fig. 13. Cristellaria cultrata, Montfort. A common, nautiloid, 
keeled Cristellaria, common in many deposits, both of Secondary and 
Tertiary age, and abundant in the living state in the existing seas at 
many places. When the keel is wanting, we have C, rotulata, La- 
marck ; when the shell is large-keeled and rowelled, it is O. Calcar^ 
Linn. ; when flattened and broad, it is (7. Gassis, Fichtel and Moll. 

Figs. 14-18. These little Rotaline shells are small varieties of 
I^lanorbulinafareta, Fichtel and Moll (Ann. Nat. Hist. 3 ser. vol. v. 

E. 177, etc.). They range between the varieties figured and described 
y D*Orbigny as Botalia Saidingeri and It, Ungeriana; and Eeuss's 
A. ammonoides, D'Orbigny's JR, Akneriana and R, Duiemplei, are 
scarcely, if at all, divisible from B. Ungeriana, All of these abound 
in the present oceans. Another near modification of this form is 
shown in the well-known Planorbulina (Truncatulina) lohatuld^ 
Walker and Jacob, which also occurs in the London Clay, though 
not 80 plentifully as the foregoing, and frequents shallower water 
than they do. 

* CristeUaria desorata, Beius, Zeitscfa. d. g. Ges. yii. pL viiL fig. 66, and pi. ziz. 
lUi. 1. ». 



■TBS OSOLOOIBT. 





Wetherell'. 


'CallH?tii>ii> t>r"H«in. PiAu 


Oenen. SpooiM, und V»ne1j«. 


ColUwtton. 


Hid JdBm. 


r 


-ti 


T 


If 




g 




h 


it 




1 


jj 




H»: 


Hae 


si 


1? 


3 


s^ 














•IT.^ 














PC*. 


CQuinqvelocntinaJ IriaagitlarU, 














D'OHB 


4 


"^ 


C. B. 

cl. 






i.i 




Litaots navtihidea, hAUiBOK. -. . . 








rem. 






Nodoaarma (NodaiarioJ Bapianus, 














LlSN 


+ 




„. 






TT.Tl. 




and Barfrtiewjii.'D'OBB. . '. . . '. 


+ 




o-fl.; 




D-m. 


cA 


-— — (Mcula, D'OBH., ana 














longiacaia, D'CtttB 








ft.m. 






iV™;o, D'Obb. . . . 




























AHmilil, KOBMEK 








IT. m. 






4.>™te, D'ObB. . . . 












Tt. <. 


— — (Dmlalina) eofrmnitii, D'Obb., 














and eUaniu, D'Ohb. 












0. B. 


emMoiWHo, D'ObB.. Hnd 














jHHtpenrfa, D'Obu 










rr. B, 




■ trrei., D-Obb 
















+ 












, acicv/a, LiM 










p-ln. 


t^!i. 


_— . — ^ ,pi,«i„a, MoKTion . , 


S- 








0.1 


Cm. 


. ointiioorttt, RRU99 . . . 








































*■.*■ 


' WeiAerel/ii, 3osSi . . 




+ 


0.1. ' 


o'.'i. 


o'i 


0.1 


•^'(CH^llOriaJ cvltrata, MoH> 


















* 


le.lli. 




b.«ii 


.e.'L 


. ■ C««H, F, and M. •• . . 












».L 




+ 




■«.m.. 








Or^idula, V. and M. . 












■ri. 


■aiobigerinc Ultoid^, D'Obh 














■Pkllenia ipharoidsi, D'Obb. .... 












■».«. 








».'rt. 


»!i. 




«. 1. 


■ IWt«, D'Obb 1 






»..*». 




... 


















(Wrinato, D'Orb 




















cm.' 






0.1 


■BiWimiMoeoio.D'GHB.-. ...-..' 






re.Bi. 


c-m. 




O.IB. 


■h— ^•rflt.(«wi>pi(»Hrta(o,D'OBB. .. 














P/oBorftaiino BaidingeH, D'Obb. . . 






+"?:' 




::: 




Unsenana, D'ObB 






+ ? 




r. .. 
















0.1. 
















and JiCOB ..'...:... 












IT.*. 
















/ JftcA</i«ojia. D'Obb 






::: 










'"■■ 




_^ 



BEELEY~^JI CHALK GJLSTEBOFODS. S9 

Fig. la OristellaHa Italica, Defrance (D'Orbigny's Modeles,* 
iioB. 19 and 85). This is not an uncommon form where Cristel- 
larise abound, either in the recent or the fossil state. 

Besides the foregoing, we have seen Trochammina incerta, D'Orbi, 
among the specimens from the Hampstead well, in Mr. Wethereirs 
eoUection. 

• The London Clay from Wimbledon Common was got at about 100 
feet in a well-boring. That from Chelsea came from the foundations 
<rf the Battersea Park Bridge. 

The Foraminifera of the London Clay indicate a depth of about 
100 fathoms for the sea, ip which it was deposited in this district. 

The accompanying Table shows the Foraminifera that we have re- 
cognized in the London Clay, arranged according to the classification 
proposed by Dr. Carpenter in his^ ' Introduction to the Study of 
Foraminifera,' 18.62. The asterisk 'indicates their presence merely 

Sthe relative abundance not being known) j their frequency and con- 
ition are shown in isome of the columns by the following letters :— 
re. rather common ; c, common ; ^t. rather rare ; r. rare ; vr. very 
rare ; vs, very small; *. small ; rs. rather small ; m: middle-sized ; rZ. 
rather large ; Z. large. In some instances two very closely related, 
but still notable, varieties are mentioned together. 



CUTTmaS IFEOM A NOTE-BOOK ON CHALK 

GASTEEOPODS. 

By Habbt See let, F.G.S. 

Two years ago, collecting matter for future use, in travelling oyer 
the Chalk-lands, 1 made, in the museums visited, such brief memq- 
tanda of striking fossils as might save the trouble of comparison witji 
debar spefcimens. The notes were never intended for publication in 
\h^ present form^ but as any more extended work on the subject is 
.at. present impossible, such of them as I have permission to print 
.'jiiay,be found useful to others engaged on similar work. 

; This series is part of the magnificent collection in the Brighton 
Museum ; to the Committee of which I am indebted for the oppor- 
.tunity ci making use of them. 

CfcEITHltM OENATISSIMUM, Var, 

Conical, twice as high as wide. Many-whorled ; whorls flat and narrow, being four 
timea as wide as high. Each whorl is ornamented on the upper and lower sutnral 
maigins by a very numcrons row of dosely-placed tubercles. The anterior row has the 
tnbeieles elongated longitudinally ; those of the posterior row are more bead-like. Con- 
necting these TOWS arc half as many again narrow, sharp, upright ribs. The tubercle!? 

^ A set of these can be seen in the British Museom. . 

TOL. vn. ^ 
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and ribs become not only actually, bnt reUtively much more numerous aa tbe sliell 
enlarges ; they are crossed horizoutally by a number of (about ten) fine spiral stric 
The base makes a right angle with the spire, as in many recent species it is prolonged 
much in front of the side of the whorl. 

This form nearly resembles C. ornafissimum, Desh., and is possibly 
its lineal representative. The differences of ornamentation are sach as 
constantly are produced by the conditions of existence. The unequal 
spiral rows of tubercles of C ornatissimum become in this form equali 
and pass round the spire contiguous, so as to conceal the suture. In 
this form the excessive multiplication of the elongated tubercles of 
the anterior row tends in the last whorl to make that row less dis- 
tinct ; a similar character is also to be noticed in tlie adult of the 
French species. The longitudinal ribs of this variety exist in the 
species from the Gault only as strisB. The basal prolongation of the 
lip is, however, a feature in the chalk-marl form which will keep the 
two varieties from being confounded. 

A second slight variation is met with not rarely in the lower argil- 
laceous chalk of Burwell, in Cambridgeshire. It more closely resem- 
bles the foreign tvpe than the Brighton specimen. In it the posterior 
row of tubercles is placed on an elevated rib ; while the anterior row, 
at least on the anterior half of the shell, is wanting, being represented 
by rather elongated thickenings of anterior ends of the very fine 
striae which replace the longitudiiial ribs. — {Woodwardian Museum) 

Cebithium. 

A very elongated cone, three times as high as wide. Rather few whorled ; whorls flat, more 
than twice as wide as high. Each whorl is ornamented with three spiral rovs of rather 
small, sharp tubercles, about twelve to fourteen on a whorl in each row. The tubercles 
are so placed as to form rows nearly perpendicular, or rather parallel to the labial side of 
the spire. Throughout the shell the spiral rows are at equal distances apart. 

Cerithium Gallicum (Z>' Ori.), var. 

A greatly elongated cone, three times as high as wide, many- (about 12-) whorled; 
whorls inflated, with an elevated mesial angle, from which they become smaller anteriorly 
and posteriorly, towards the sutures ; the posterior half of each whorl is flat, but tlw 
anterior half is slightly convex. The posterior sntund margin is bordered by an elevated 
rib, which bears a numerous row of closely-placed tubercles. The part of the wbod 
between the suture and the suture-like anterior margin of this rib is nearly fonr times n 
wide as high ; the whorl is one-third as high as wide. A row of sharp, elevated tnbercks 
surmounts the mesial angle of the whorl. The whole epire is fiiidy cancellated, the 
longitudinal striee being stronger than those transrene. The base is convex, and sept* 
rated from the whorl by a slight angular \\!AA\Sm^r^{jroodv>ard%an MuMcum}^ 



This differs from the French form chiefly in the small size and 
number of tubercles on the mesial angle, and is what some authors 
would regard as a representative species. 

PlEUBOTOMA AMFHILOeA (u. Sp.). 

Shell elongated, 5- or 6-whorled ; spire much elevated, two and a half timea as high 
as wide, turreted ; whorls devated, nearly as high as wide, sides parallel with the sntnnl 
shoulder rounded. The whorls are ornamented with moderately elevated, narrow, longi- 
tudinal ribs, which increase in number, though not in size or closeness, with the growtk 
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of the shell. The hody-whorl is slightly iDflated, and the riha upon it are wider apart* 
and relatively less numerous than on the whorl ahove ; they are crossed by numerous* 
close, spiral strise. The canal is broken, but the body-whorl could not have been less 
than twice as long as wide, i, e. half the length of the shell. 

Although the mouth is not seen, the body-whorl, from which the 
■ shell is partly removed, shows beyond doubt the lines of growth cha- 
racteristic of the genus. The ** notch " in the lip appears to extend 
almost, if not quite, to the suture. It is the only species of the 
-' genus possessing the area-railing-like ornament, externally more like 
a Bostellaria. 

FUSUS TEACHYS (u. Sp.). 

- Sliell fusiform, rather less than three times as long as wide. Spire elevated, less than 

T lialf the length of the shell, composed of four or five whorls. Each whorl is twice as 

^ wide as high, and banded by two wide, thick, much elevated ribs, the space between 

i which is hollow, and the spaces above and below become constricted and hollow on ap- 

} proaching the whorls they respectively adjoin. The body-whorl, like those preceding it, 

f attains its greatest width at the band of the second rib. Auterior to this are three other 

i libs, the more anterior two of which are closer together than the others ; and anterior 

J to these are several very much smaller and closer together. 

1^ The whole shell is marked by close, fine, spiral strisB, which, on the 
i smaller whorls, are often crossed by others in the direction of the 
r axis. The mouth is extremely elongated and very narrow, lips being 
nearly parallel. 

Chemnitzia Woodwardi (n. sp.). 

Shell subcyliudrical, two and a half times as high as wide, consisting of about seven 

whorls, which regularly increase in size and are moderately convex. Each whprl is one 

and three-qiurter times as wide as high. The space where the whorls adjoin is concave, 

and the suture is indistinctly seen. There is no ornament, but a great number of fine, 

close, spiral strise. 

Tins and some other shells have quite an Oolitic aspect. 

Solabium obnatissimum (n. sp.). 

Depressed, few-whorled, nearly twice as wide as high ; composed of about four or five 
whorls, which somewhat rapidly increase in size, and are five times as wide as high. Mar- 
ginally the whorl is angular, and on the spiral surface there bordered by a narrow concave 
groove, which is margined on the inner side by an elevated rib. Above and interiorly 
there is another hollow space less deep and twice as wide, and near to the suture a row of 
about fifteen large, expanded, tumid, nearly adjacent tubercles. The base is gently con- 
vex and omameuted by close, spiral strise. The. whole of the upper surface is spirally 
striated, but the strise are very much finer than those of the base ; they are cancellated 
by equally fine, oblique strise, which are directed backwards from the suture, llie mar- 
ginal groove of the whorl gives to the spire a marked sutm*al channel. 

This looks very like a Pleurotomaria, but I think it is a Solarium. 

Pteboceeas, representative of Fittoni. 

Shell elongated, about half as wide as high.* Spire less than a third the length of 
the ahell, composed of about four whorls. Each whorl is more than a third as high as 
wide, and has round its middle a sharp, prominent angle ; the part of the whorl above this 
IB inclined at an angle of 45°, that anterior to it is perpendicular. The inclined part is 



i 






* llie specimen, which is broken, is two-thirds as wide as high. 
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banded by five or six strie, and the aprigbt portion by foar or five. In the body-wlnrl 
the simcL- fMiStcrior to the angle is subcouind, for a aecood angle, which in the smalkr 
whorls is the liiiiit of the upright part, and also the line of satore, is here reduced to i 
rib. Posterior to this keel are about eight spiral strise. 

In form this closely resembles P. marginata (D'Orb.) and P. 

Fit ton i (Forbes). 

Plxubotohabia Jukesii (n. sp.)- 

Few-whorled, subconical, moderately depressed, half as high as wide, consisting of fiie 
elevated whorls, which regularly increase in size. The whorls are nearly fonr limes as wide 
as high, and each twice the diauieter of that which preceded it. The filled-iu sinus is de* 
vated like a string aad situate ou the np|)er part of the whorl, which it divide intoai 
upper and a lower region. The upper is very convex, deeply impressed at the soton, 
horizontal, and rather narrower than the lower region, which is flat and oblique^ ban; 
incliued at an angle of about 60°. The slit of the siuns is equal in length to the dii* 
meter of the shell. The whole of the upper side is marked with very fine and doK 
spiral ribs. 

Uuder side not seen. 

Most nearly related to P. perspectiva in form of whorl, but well 
distinguished by its few whorls. 

TBOcnrs. 

Shell conical, three-fourths as high as wide ; composed of about four whorls, whiek 
are flat, one-fourth as high as wide, and have the sutures deeply impressed. Each wkori 
is ornauieulcd with four spiral striec, of which each supports a row of sharp, elevated tube^ 
cles. The tubercles are separated by spaces about as wide as those which divide the 
rows. The tubercles of the anterior rows are successively placed one between two tnberdes 
of the row^ above, so that other oblique rows are formed parallel to the labial ude of tlie 
shell. I'he base is flat and spirally striate. 

Thochus. 

Conical, a little higher than wide, not umbilicated ; commonly composed of fonrorfive 
whorls, which are slightly couvex. Each whorl is about two and a half times as wide 
as high and encircled by about six spiral striae, which are elevated like cords ; the inte^ 
spaces are much wider than the ribs ; they are flat. The highest rib is larger than tke 
others, and in most cases less projecting ; it and all the other costse are crossed by very do> 
meious, oblique, narrow iudentations, giving to each rib the look of a twisted rope. The 
side passes under to the base in a large curve. The base is marked by a greater number 
of strise than the side ; they are less elevated, rather closer together, and not bead*lihe. 
Shell rather thick. The suture is wide and deeply impressed. 

A^ery nearly related to T. Oeinitzii (Rss.). 

(?) Fusus. 

Subangularly fusiform; composed of four or five whorls. Spire nearly half the length 
of the shell. Whorls angular, rapidly enlarging, twice as wide as high. Ornamented 
with four sharp, narrow, rather elevated ribs, below which, towards the columella, are a 
number of fine strice, rather distant apart. The whorls are so coiled that two (?one) of 
the four costa3 are covered by the body-whorl. The most prominent rib is the most 
posterior, which projects like a cord. The space between it and the suture is flat and in- 
cliued at a small angle, and the space below it, for half the body-whorl, is iiarallel to the 
axis. The slope of the ledge of the upper part of the whorl appears to become greater 
88 the shell increases in size. Mouth pear-shaped. The shell is finely striated spiiillyi 
there being some twelve lines between two ribs, and these strise are Grossed by still finer 
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lines pf growth. In a yoatig state the shell is longitodinally nbhed, the ribs being 
tamid and close together ; no trace of this is seen iu the adult. 

A secoud specimen, probably of the same species, is rather larger, 
and has a rib between the suture and the marginal angle, and six 
primary ribs on the body-whorl. 

Both these examples are distorted by pressure. The smaller ex- 
ample (figured) is compressed laterally. The rock is a very hard 
chaik, much resembling some of the lighter-coloured clay concretions ; 
fossils are yellowish. 

(?) Fusgs. 

This form diflTers from the Brighton specimens chiefly in the large number of equal- 
sized ribs, a character to which Httle importance can be given ; it may be varietal, but 
more probably is but an adult ornament, just as are the longitudiual ribs, a feature pecu- 
liar to the young. The lip is a little inflected. The space between the posterior two 
ribs appears ^o have supported a sharp projecting keel, now broken away. 

Solaeium: Binghami {Baily), 

i 

. Sh.ell thick, much depressed, not half so high as wide ; composed of about six whorls, 
ivliich.very gradually increase in size. The upper side of the shell is a greatly depressed . 
caae ; the under side a large conibal hollow. The whorls are five-augular ; they are 
attached by one side, two converge inferiorly to form the base, one perpendicular forins 
the side of the shell, and the fifth forms the slightly oblique upper surface. 

i 

• This last form of the upper surface of the whorl is ornamented mar- ; 
ginally by upwards of forty tubercles, which are elongated in a 
direction at right angles with the line of growth. A second row, . 
more numerous and much smaller, passes round near to the suture. 
Both the interspace and tubercles are finely striated spirally. The 
perpendicular side is not more than half the width of the outer basal < 
space ; it has on its lower margin a row of tubercles similar to that * 
071 its upper margin, but they are narrower and half as numerous 
again. The tubercles so entirely occupy the side that the groove 
between the two rows is not half so wide as either of them. The- 
outer part of the base is very finely cancellated; the angle it makes 
with the inner half is nodulated with seventeen large tubercles.: 
The inferior suture is much more impressed than the superior one,; 
and the sutural margin of the base is ornamented with a row of' 
tubercles, about as numerous as that on the upper margin of the' 
side. The umbilicus is neariy as deep as wide. 
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ON THE DENUDATION OF AETHUR'S SEAT. 

By J^mes ^ASWELI>, M.A. , 

" Quid magis est saxo durum ? quid moUius uhda ? 
Bora tamen moUi saxa cavantur aqua." 

.. 7bciL(<OQ4^t?pqi..of Centqtl Scotland during the long p;erio4 repre- 
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sented by the Secondarj formations is involved in darkness. On the 
east and west coasts of Scotland rocks of Secondary age occur north 
of the Grampians, but of the physical history of Central Scotland 
during the time these rocks were deposited, we know nothing. From 
the time of the deposition of our Upper Coal-beds, or, it may be, of 
some Permian Sandstones, up till the time when the whole island 
was locked fast in one immense mantle of ice, we are almost entirely 
ignorant of what was going on in that part of the country which lies 
between the Grampians and the Forth. And the man who shall de- 
cipher for us the physical geography of that period, and reveal to us 
the old surface of that district, with its vegetation and animal pro- 
ductions, prior to the time of the Boulder .Clay, will have rendered 
no small service to the cause of Scottish geology. 

But although we have not as yet been able to trace the old surface 
of the land, we are not altogether without data to guide us in our 
researches. One thing is clear and certain, — a great change was 
taking place over the whole face of this region. 

Both during and after the deposition of tlie coal-measures, great 
volcanic agencies were at work. In the neighbourhood of Edinburgh 
they were particularly active. They had been so during the Old Red ' 
Sandstone period, and contributed in no small degree to the forma- 
tion of the Pentland Hills. But towards the close of the Old Eed 
period and the commencement of that time when our Lower Carbo- 
niferous Sandstones were being formed, the Pentland ridge began to 
sink under those Carboniferous seas. The crater of eruption, which 
had been so active in the Pentland area, and produced that varied 
mass of mateiial now presented to us as sheets of felstone and ashy 
bands, became gradually quiescent, till at last it was entirely covered 
over with the increasing deposits. But, while these deposits were 
being accumulated, the igneous forces broke out again at Arthur's . 
Seat. Most of the rocks which now form the eastern part of the hill 
belong to this period. The greenstone of the Long Bow, the red 
nodular ash and the thin bands of red ashy sandstone to be seen in a . 
section at the south side of the Queen's Drive, the green felspathic 
ash of the Dry Dam, the black columnar basalt above it (which al^o 
constitutes the crag on which stands St. Anthony's Chapel), the two 
basalts behind St. Anthony's, and which form the lower part of 
Dunsapie Hill and Calton Hill, and lastly, that group of felstones 
which form the remainder of the eastern part of the hill from the 
top of Dunsapie across "Whinny Hill to St. Margaret's Station, and 
which make up most of the Calton Hill,— all these igneous productions 
were contemporaneous with the Lower Carboniferous strata, and are 
found interhedded with them. Consequently, all these traps are 
subaqueous. Layers of sediment were first formed, then an eruption 
of lava took place, which spread itself in sheets over the strata; 
then more layers of mud and sand were deposited by the ocean, and 
then more sheets of lava ejected by the igneous agency below. It 
is evident, moreover, that these traps must have been more or less 
horizontal, for if they had been poured over an inclined surface, 
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thejr would have collected in masses at the foot of the declivity, — a 
state in which we do not now find them. 

Tub Loweb Carboniferous Strata and Interbedded Traps or Arthur's 

Seat, in their original position. 

>^g. 1. 

A Mass 



of 



overlying 



Carboniferous 



Sandstones, 



Limestones, 



Shales, 



etc. 



A group 



of 



Felstones. 



Three Basalts 



above Ash of 



Dry Dam. 



Ash of Dry Dam. 



Ashy 



Sandstones, 



Shales, and 



Limestones. 



Greenstone of the Long Bow. 



Sandstones, 



Shales, 



and fine 



Conglomerates. 



The Beds indicated by thin lines are Carboniferous strata; those by thick lines are 

Interbedded Traps. 

In this way the elevating processes continued their unceasing work, 
stratum after stratum was deposited, sheet after sheet of lava ejected 
and consolidated, until, when the last of the porphyritic felstones 
had been produced, the igneous centre gave signs of cooling, and all 
became comparatively quiet. Then the sediment of these Lower 
Carboniferous seas accumulated over the solidified lavas, ganoid fishes 
revelled undisturbed in the Burdiehouse Estuary, and plants peculiar 
to the period were entombed in the mud ; while, as the result of all, 
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.after many ages had elapsed and hundreds of years had passed away, 
an immense series of strata was elaborated, which extended eontina- 
ously over the site of the Pentlands. The same waters under which 
was laid down the ash of the Dry Dam, and which held in solution 
the substances which fill the amygdaloidal cavities of the greenstones 
and felstones above it, also deposited above these rocks an enormous 
series of beds, 8000 fb. thick at least, of sandstone, shale, and lime- 
stone, the edges of which are seen on the beach eastwards from 
Portobello. and at East Cairn Hill on the Peutlands, at a height of 
1839 ft. above the level of the sea, i. e. 1000 ft. above Arthur's Seat. 
These rocks also extend northwards into Fife. This is represented 
in the accompanying diagram. 

It is perfectly evident then, from what has been already said, that 
Lower Carboniferous strata must have been elaborated far above the 
present altitude of Arthur's Seat, and that their area extended for a 
considerable distance on all sides, overlying the whole ridge of the 
^Pentlands. It is also pretty clear, both from the horizontal beds of 
sandstone on the summit of East Cairn Hill, and from the state of 
the case generally, that these strata were at first laid down in a hori- 
zontal position, or at all events very nearly so. 

Now, the next stage through which these rocks passed is easily de- 
termined. An upheaving movement must have taken place, by which 
the whole beds of the hill, already alluded to as forming the eastern 
part, on to the centre of the Musselburgh basin, were raised into the 
inclined position in which we now find them. If evidence of this up- 
heaval is wanted, we have only to point to St. Leonard's Craig, Salis- 
bury CraigSjWith the two dykes cutting through them, and the Daases, 
the only intrusive traps of the hill, and all found on the western side. 
The effects of this upheaval are well displayed at Salisbury Craigs, 
where the beds have an easterly dip, being raised on the west and 
depressed on the east, and where both the sandstone and the green- 
stone are altered in colour and texture at the point of contact. In- 
deed, nothing shows the intrusive character of this trap more clearly 
than the seam of shale to be seen at the south end of the Craigs, very 
much hardened and broken, lying completely enveloped in the greefi- 
stone. After this eruption, then, the rocks of the hill would present 
Eiotnewhat the appearance given in the accompanying diagram, R. V. 
Fig. 1. 

But this is not the present aspect of the hill ; Carboniferous strata 
no longer conceal the trap-rocks from view. How, then, have they 
disappeared ? What has become of them ? The answer is, denuda- 
tion must have taken place. Now I think it is a fact which can be 
easily demonstrated, that Arthur's Seat has been subjected to denu- 
dation at two different periods. 

First Period.— After the upheaving of the strata, already referred 

to, the beds, of course, wiere set on their edges (as in preceding 

figure), and were much fractured. The faults, too, which are so 

abundantly met with in the coal-measures, were no doubt produced 

'^ by this upheaval. Consequently, in this state, the strata were 
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more easily exposed to the action of tides and oceanic currents. The 
upper part of the hill, consisting of softer strata than the traps be- 
neath, would soon be swept away and the waste material deposited 
in some other place ; while the lower part of the hill, the traps them- 
selves, owing to their hardness and tenacity, would resist the action 
of the waves more, and so stand out in bold relief above the softer 
Carboniferous strata. This is represented in the accompanying dia- 
gram ; in fact, this is exactly tlie appearance which a section through 
the north end of Arthur's Seat would present, if the rocks round the 
summit were taken away (PI. V. Fig. 2). We shall have occasion to 
refer to these rocks presently ; but it is now well known that the vol- 
canic ash or trap-tuff round the summit, the basal fc of the summit 
itself, the columnar basalt of the Lion's Haunch, and the porphyritic 
felstone which forms part of the ridge descending from the summit 
into the south end of the Dry Dam, are each and all of them of a 
more recent age than the other traps of the hill. 

Now if it can be shown that these later igneous rocks cover over 
and rest upon the denuded edges of the older traps and the Carboni- 
ferous strata, what other conclusion is open to us but the one already 
alluded to, viz. that after a great mass of Carboniferous strata had 
been deposited on the top of the interbedded traps, and after these 
had been tilted up into their present position by the eruption of St. 
Xieonard's Craig, Salisbury Craigs, and the Dasses, — the whole of 
these rocks, being still under water, were subjected to marine denu- 
dation, and the waves, tides, and currents aided by the atmosphere, 
the springs, and the frosts, and performing their functions exactly in 
the same way as we see them now, gradually swept away the softer 
material, and left the harder traps as prominent crags ? We find the 
later ash filling up the valley between the Long Kow and the Dasses, 
and hanging down into the Hunter's Bog, which it must have once 
filled, as it could not stop short there ; consequently these valleys 
must have been eroded before the ejection of the ash. This tells its 
own history. Moreover we find the same ash covering over the Long 
!Row, the Dasses, and the greenstone seen in a section at the south 
side of the Drive (which is a continuation of the Long Eow), and all 
these must have existed as prominent crags when the ash and the 
scoriae fell around them. In the bed of tlie Firth of Forth also, 
many traps project from the coal strata which are known to form its 
channel, — Inch-Garvey, Inch-Colm, Cramond Island, Inch-Keith, 
Fidra, Craigleith, and the Bass Rock. 

The denudation we speak of was not confined to Arthur's Seat 
alone. It extended over a larger area. The Peutland Hills which 
lay submerged under the same sea also suffered from it, the Roman 
Camp Hill also, and indeed the whole surrounding area of the Lo- 
thians. It has been calculated that the Carboniferous strata which 
covered the Pentlands and Arthur's Seat amounted in thickness to 
8000 feet, but supposing they were only 5000 feet thick, this, with 
the present average height of the Pentlands, at 1000 feet above the 
surrounding country, would give us as the amount of material re- 
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moved, a qnantity correspondiDg to five times the existing mass of 
the Pentlands, and as these hills are 14 miles long bj 3 broad, that 
mass must have been equal to 42 cubic miles. 

This great denudation must evidently have required a long lapse 
of ages for its completion. While Permian and Secondary rocks 
were being deposited in other parts of the island, as, for instance, 
Oolitic rocks on the east and west coasts of Scotland, north of the 
Grampians, and Permian and Trias in the south, the central part of 
Scotland was undergoing a great change. No strata apparently were 
being elaborated, many however were being swept away ; the work of 
abrasion and demolition was everywhere dominant. The softer strata 
of . sandstone, shale, and limestone were carried off, and the nume- 
rous trap-rocks of the district left standing out in high relief, till in 
short the country began to assume very nearly \\Afre9ent appearance. 
The first period of denudation then is ended, and another period 
of volcanic activity is at hand. 

Second Period. — Midlothian, still under water, is subjected to the 
ravages of a submarine volcano. The Tertiary period has come, and 
the igneous forces round Edinburgh, so long quiescent, so many 
millions of years at rest, which had not disturbed the neighbourhood 
since the Lower Carboniferous age, again become vigorous, again 
break out on the site of the old volcano. One can almost fancy the 
scene. The sky begins to lour, a rumbling noise is heard, and the 
crater of Arthur's Seat sends forth from its mouth showers of scorI» 
and volcanic ash. As it fell over the truncated edges of the older 
rocks of the hill, large fragments of the sandstones, greenstones, ba- 
salts, porphyries, and amygdaloids were embedded in the felspathic 
paste, and soon converted into conglomerate when cooled. Then the 
crater of the summit was plugged up with solid basalt, and the volcanic 
material not being able to find a vent, burst out through a lateral 
orifice and formed what is now the Lion's Haunch. Last of all, an- 
other ejection of lava took place and wrapping round the north- 
east end of the basalt gave rise to the felstone of this part of the hill, 
and closed for ever the eruptions of Arthur's Seat (PL V. Fig, 3). 

The hill however does not present the same appearance to-daj that 
it did then. The ash must have fallen thickly over the site of Edin- 
burgh, as is evident from the fragmental condition of the cliff" of ash 
above Hunter's Bog, and also of the basalt on the slope at the south 
side of the hill, which never could have stopped abruptly there. Conse- 
quently we are led to conclude that Midlothian has been subjected to 
another process of denudation, subsequent to the ejection of these 
rocks. What was the nature of this denudation ? It cannot have 
been due to atmospheric causes, nor to the action of the waves of 
the sea. Its true cause must be sought for in the Olacial period, 
when another change of contour was effected on Arthur's Seat. The 
greenstones and basalts were ground down and polished by the fric- 
tion of the moving ice, the loose ash was swept away, and only that 
Eart of it left which had been more firmly compacted round the 
eated orifice of the summit (PI. V. Fig. 4). 
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I need not now allude to the evidence we have for glacial action 
on Arthur's Seat. The groovings and markings above Sampson's 
Hibs and elsewhere, the number of greenstone and sandstone boul- 
ders scattered up and down in various parts of the hill, the " crag 
and tail " contour of the hill, and the character of the drift accumu- 
lated on the east side, are all familiar to the Edinburgh student of 
geology, and point to a time when, after remaining for a long period 
locked in ice, Arthur's Seat sank far below the sea-level, and when 
ice-borne blocks from the Highlands were dropt on the slopes of the 
Pentlands. 

Explanation op Plate. 

Fig. 1. The Lower Carboniferous strata aad interbedded traps of Arthur's Seat up- 
heaved by the intrusive traps. 

Fig. 2. The Lower Carboniferous strata and older traps of Arthur's Seat of the marine 
denudation. 

Fig. 3. Submarine volcanic cone during the Tertiary (?) epoch, ejecting ash-scoria;, 
etc., and producing the later Igneous rocks of Arthur's Seat. The cone of coarse vol- 
canic ash and conglomerate, a. Basalt of summit ; b. Basalt and Felstone of Lion's 
Haunch. 

Fig. 4.' Present appearance of Arthur's Seat after glacial action. 

a Volcanic Ash, Trap, etc. * Trap, etc. c Carboniferous strata. 
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I. MAMMALIA. 

Httmait SKETJSTOV.—Fost-Tertiafy, Guadaloupe. — ^Phil. Trans. 1814, p. 107, pi. 3. 
Talaotpalax mctgntu (lower jaw). — Pleistocene^ FreshwaAer^ Bacton, Norfolk. — 

Owen, Brit. Poss. Mam. 1846, p. 25, f. 12. 
Cants (VvlpesJ vulgaris^ Brisson. — Cavern^ Kent's Hole, Torquay. — Owen, Brit. 

Pofis. Mam. p. 134, f. 51, 53. 
Oalecynus (Eningensis, Owen. — Quart. Joum. OteoL Soc. 1846, vol. iii. p. 55, f. 

1, 3, 5 ; (Canis Vulpes, Murch. and Mant.), Trans. Geol. Soc. 

1830, vol. iii. p. 277, pi. 33, 34, f. 1-3 ; (Cants jpalustris), 

Mey., Fauna der Vorwelt, Oeningen, 1845, p. 4, pi. 1. 
Mustela (PlesictesJ Croizeti, Pomel (lower jaw). — Miocene, St. Gerand-le-Puy. — 

Bull. Soc. 0^1. Franc. 1847, tome iv. ser. 2, p. 385, pi. 4, f. 4. 
(PlesiogaleJ (ingusiifronsy Pomel. — Miocene, St. G^rand-le-Puy. — Bull. 

Soc. gIoI. Franc. 1847, tome iv. ser. 2, p. 385, pi. 4, f. 3 ; Pictet, 

Pal^ntologie, 2nd edit. 1853-7, pi. 4, f. 7. 
Puiorius ermLieusy Linn. — Cavern, Kent's Hole, Torquay. — Owen, Brit. Foss. 

Mam. p. 116, f. 40-42. 
Syana spelaa, Goldfuss (lower jaw). — Cavern, Ghulenreuth. — Cuvier, Oss. Foss. 

edit. 1836, pi. 192, f. 9. 
speUsa (diseased skull). — Cavern, Muggendorf. — Owen, Brit. Foss. Mam. 

p. 164, f. 59. 
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Syanaspelaa (part of lower ja^). — Pfew^ocen*, Walton, Essex. — Ibid. p. 151, f. 58. 
Ffilis IsnodorensU, Croizet and Jobert. — Pliocene^ Mt. Perrier. — Oss. Fobs, du 

Puy-de-D6me, 1828, pi. 4, f. 4. 
Felis pardinensU, Croizet and Jobert. — Pliocene, Mt. Perrier. — Oss. Foes, du Puy- 

de-D6me, 1827, pi. 7, f. 2. 
JFelis brevirostfis, Croizet and Jobert. — Pliocene, Mt. Perrier. — Oss. Foss. du Puy- 

de-D6me, 1828, pi. 6, f. 6, 9. 
Ilelis 8pel<Ba, Goldfius (portion of upper jaw). — Camem, Kent's Hole, Torquay. — 

Owen, Brit. Foss. Mam. p. 161, f. 63. 
Ur8U8 speUsa (lower jaw). — Pliocene, Bacton, Norfolk. — Owen, Brit. Foss. Mam. 

p. 106, f. 35 c. 
Meles Taxus, Linnseus. — Cavern, Kent's Hole, Torquay. — Owen, Brit. Foss. Mam. 

p. 109, f. 37. 
Arvicola amphibia, Linn, (upper and lower jaw). — Cavern, Kent's Hole, Torquay. 

—Owen, Brit. Foss. Mam. 18i6, p. 201. f, 76. 
— pratensis, Owen (upper and lower jaw). — Cavern, Kent's Hole, Torquay. — 

Brit. Foss. Mam. 1846, p. 208, f. 78. 
Off resits, Flem. (lower jaw and leg-bone).— Cavern, Kent's Hole, Torquay. — 

Owen, Brit. Foss. Mam. 1846, p. 206, f. 77. 
Tro^onotherium Cuvieri, Fischer (lower jaw). — Pleistocene, Freshwater, Bacton, 

Noriblk.— Owen, Brit. Foss. Mam. 1846, p. 184, f. 71 ; Mantell, 

Petrifactions, p. 358, f. 74. 
Lepus timidus, Linn, (lower jaw). — Cavern, Kent's Hole, Torquay. — Owen, Brit. 

Foss. Mam. 1846, p. 210, £80. 
cunic^ilus, Linn. (lower jaw). — Cavern, Kent's Hole, Torquay. — Owen, Brit. 

Foss. Mam. 1846, p. 212, f. 81. 
Lagomys spelaus, Owen (fore part of skull). — Cavern, Kent's Hole, Torquay. — 

Owen, Brit. Foss, Mam. 1846, p. 213, f. 82, 81 
Meyeri, Von Tschudi. — Pliocene, Oeningen. — {AncBtna CEningensis), K5nig, 

Icones Foss. Sect. 1825, pi. 10, f. 126. 
Carterodon sulcidens, Lund, sp. (cranium). — Carer», Brazil. — ^Waterhouse, Nat. 

Hist. Mam., vol. i. p. 351, pi. 16, f. 7. 
Qlyptodon tuberculatus, Owen (tail sheath). — Pleistocene^ Buenos Ayres. — Mantell, 

Petrifactions, 1851, p. 359, f. 75. 
Megoitherium 
Mastodon Ohiotieus, Blimienb. (lower jaw). — Pleistocene, North America. — Phil. 

Trans. 1768, pi. 4, f. 1 ; Falc. and Cautl., Fauna Ant. Sivalenis, 

pi. 3, f. 9 ; pi, 35, f 4, 5 J pi. 40, f. 16. 

angustidens, Cuv. — P unknown. — Falc. and Cautl. Fauna Ant. Siv. pi. 40, f. 7. 

latidens, Clift. — Miocene, Ava.^-Falc. and Cautl. Fauna Ant. Siv. pi. 31, f. 1, 

3, 4, 6-8 ; pi. 40, f. 1-3. 
Andium, Cuv. — Pliocene, Buenos Ayres. — ^Falc. and CauU. Fauna Ant. Siv. 

pi. 35, f. 3 ; pi. 40, f. 10^14. 

— Perimensis, Falc. and Cwii\.-^Miocene, Perim Island. — Fauna Ant. Siv. pi. 

31, f. 9, 10 ; pi. 38, 39, f. 1-3 ; pi. 40, f. 4. 

— Arvemensis, Croiz. and Job. — Miocene, Eppelsheim. — ^Falc. and Cautl. Fauna 
Ant. Siv. pi. 36, f 11 ; pi. 40, f 6. 

Arvernensis, Croiz. and Job. (upper molar). — Mammaliferous Crag, Whit- 

lingham, Norfolk. — ^mith, Strata Identified, 1816, frontispiece ; 

Owen, Brit. Foss. Mam. p. 276, f. 97 ; Falc. and Cautl. Fauna 

Ant. Siv. pi. 36, f 8. 
Sivalensis, Falc. and Cautl. — Miocene, Sewalik Hills, India. — Fauna Ant. 

Siv. pi. 3, f. 10 ; pi. 18a, f. 6 ; pi. 32, 33, 34, f. 2, 3 ; pi. 35, f 

1 ; pi. 36, f. 2, 5 ; pi. 37, f 1-4, 6, 7 ; pi. 39, f. 4-6. 
JSlephas Cliftii, Falc. and CautL — Miocene, Perim Island. — Fauna Ant. Siv. pi. 30, 

f. 5. 
bombifrons, Falc. and Cautl. — Miocene, Sewalik Hills, India. — Fauna Ant 

Siv. pi. 25, f. 2, 8 ; pi. 26-28, 29, f. 1, 2, 4^ 6 ; pi. 29a, f. 



51V. pi. :5&j 
L-5, 7 ; pi. 



1-5, 7 ; pi. 29b, f. 6, 7. 
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JSleph(u Ganesaf Falc. and Cautl. — Miocene, Sewalik Hills, Iit^.-r- Fauna Ant. Siy. 

pi. 3, f. 7 ; pi. 21, 22, 22 a, f. 1, 2 J pi. 24,'t' ^5 ; pi. 24 a, f. 

1 ; 25, f. 1 ; pi. 25 A, f. 1, 2, 4, 5, 7. :>\.^ 
insignis, Ealc. and Cautl. — Miocene, Sewalik Hills, India ^^^auna Ant. Siv. 

pl.2,f.6; pi. 15, 17, 18, f. 1-6; pi. 18 A, f. 3, 5 <• pi. 19, f. 1-6, 

8; pi. 19 A, 20 a, f. 4, 7; pi. 24 a, f. 2; pi. 25, f:^ 4- pi. 29 B, f. 8. 
insignia, Falc. and Cautl. — Pliocene ?, Central India. — ^Fauna A,Kt.^y. pi. 56, 

f. 10, 11. .\,.\ 

— insignis ?, Falc. and CautL — Pliocene ?, Central India. — ^Fauna Ant Sir. pi. 56, 

f. 12-14. 

— planifronSy Falc. and Cautl. — Miocene, Sewalik Hills, India. — Fauna Apf.'Siv. 

pi. 2, f. 5 ; pi. 6, f. 5-6 J pi. 8, f . 2 j pi. 9, 10, 11, f. 2^0 ; .pi. 

12, f. 2, 5, 7, 8, 11-13 ; pi. 14, f. 8, 9 ; pi. 18, 18 a, f. 1, 2.**.'\ 
— — tneridionalis, Nesti. — Dredged off Happisburgh. — Falc. and Cautl. FUnjiaT , 

Ant. Siv. pi. 14b, f. 13. \*'*J, 
tneridionalis, "Nes^. — 17, Tertiary, Val d'Amo, Tuscany. — ^Falc. and Cautf. * 

Fauna Ant. Siv. pi. 14 B, f. 10. 
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^lephas prisctts, Goldfuss. — Unknown. — Falc. and Cautl. Fauna Ant. Siv. pi. 14, ,' ,•', 

f.6,7. 
•^— Sgsudricus, Falc. and Cautl. — Miocene, Sewalik Hills, India. — Fauna Ant. Siv. 

pi. ,f.3; pi. 4, 5, 6, f. 1-3 ; pi. 7, f. 1-8, 12 j pi. 8, f. 3, 5 ; pi: 

13a, 13B,f.7; pi. 14, f. 10. 
Hysudricus, Falc. and Cautl. — Pliocene, Central India. — ^Fauna Ant. Siv. pi. 

120, f. 6. 

— antiquus, Falc. — Pliocene ?, Ghray's Thufrock, and other British localities. — 

Fauna Ant. Siv. pi. 12 d, f. 4 ; pi. 13 a, f. 5 ; pi. 14, f. 1, 2 ; pi. 
14 a, f. 3, 5, 8, 10, 12, 13. 
anUiqwis, Falc. — Pliocene, Via Appia, Borne. — Fauna Ant. Siv. pi. 14 a, f. 13. 

— Namadicus, Falc. and Cautl. — Pliocene, Central India. — Fauna Ant. Siv. 

pi. 13i 12 A, 12 B, 12 c, f. 1-5 ; pi. 12 D, f. 1-3 ; pi. 24 A, f. 
4 ; pi. 48, f . 1 ; pi. 56, f. 1-4. 

im rSft^^Bkke ] — ^^^^ocew, Texas.— Geologist, Vol. V. p. 57, pi. 4. 

— • -4n»c»iact**, Falc. — Pleistocene f, Armenia. — Nat. Hist. Rev. 1863, p. 73, 

pi. 2, f. 2. 
"—^ primigenius, Blum. — Pleistocene, Eschscholtz Bay. — ^Beechey, Voy. of the 

* Beagle,' 1831, vol. ii. p. 593, pi. 1, 2. 

— primigenius, Blum. — Pleistocene, Bacton, Norfolk. — Falc. and Cautl. Fauna 

Ant. Siv. pi. 1, f. 1. 

primigenius, Blum, (lower jaw). — Pleistocene, Worms, Hesse Darmstadt. — 

Falc. and Cautl. Fauna Ant. Siv. pi. 13 a, f. 2. 

— primigenius, Blum. — Unknown. — Falc. and Cautl. Fauna Ant. Siv. pi. 13 a, 

f. 3. 
"——primigenius, Blum. — Pleistocene, Yarinouth, Norfolk. — Owen, Brit. Foss. 

Mam. 1846, p. 221, f. 86. 
Vertebrae, bones of the extremities, etc., of Prohoscidia. — Miocene, India. — Falc. 

and Cautl. Fauna Ant. Siv. pi. 46-55. 
Dinotherium Indicum, Falc. — Miocene, Perim Island. — Jo urn. G«ol. Soc. 1845, 

vol. i. p. 360 ; Fauna Ant. Siv. pi. 36, f. 6. 
Rhinoceros Sivalensis, Falc. and Cautl. — Miocene, Sewalik Hills, India. — Fauna 

Ant. Siv. pi. 73, f. 3 ; pi. 74, f. 5, 6 ; pi. 75, f. 5, 6. 
pal€Bindicus, Falc. and Cault. — Miocene, Sewalik Hills. — Fauna Ant. Siv. pi. 

74, f. 1, 3, 4 ; pi. 75, f. 2-4. 
platyrhinus, Falc. and Cautl. — Miocene, Sewalik Hills. — Fauna Ant. Siv. 

pi. 71, f. 1, 3, 6, 7 ; pi. 72, f. 1, 2 ; pL 75, f. 9-12. 
•^— Perimensis, Falc. and Cautl. — Miocene, Perim Island. — Fauna Ant. Siv. pi. 

76, f. 15 and 16. . 

— — tiekwhinus, Cuvier. — Pleistocene, Chartham, Kent. — Owen, Brit. Foss. Mam. 

f. 125,127; Somner's Chartham News, 1669. 
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SMnoeeros tickorJUwuif Cuvier (upper nudar). — (ku)emf KirkcbJe. — Owen» Bnt 

./.TqA. Mam. p. 335, f. 125. 

— tichorhinuji/ CtiYier (lower molar). — Pleistocene, B^gent's Canal, London.— 

' '-.Op, cit p. 337, f. 127. 
■ lepiorhmtLfy Curier. — Pliocene^ Walton and Glacton, Essex. — Op. cit. p. 356, 

.... f. 129, 131-135, 13&-141. 
Lophiodof% '«« Paktotherium (phalanx). — Socene, lale of Wight. — Owen, Brit. 

.• -„ * Fo88. Mam. p. 309, f. 106. 

Paloploiheidum atmectens, Owen (cranium and lower jaw). — M. Socene, Hordweil, 

Hants. — Quart. Joum. Gheol. Soc. 1848, toL iv. pi. 3, f. 1-3. 
HippG^ierium Antehpinum, Falc. and Cautl. — Miocene, Sewalik Hills, India.— 

Fauna, Siv. pL 82, f. 18-17 j pi. 84, f. 5-7, 9-12 ; pL 85, f. 
.; .' 9-16,18. 

JJgvsu SivalensiSf Falc. and Cautl.— JfaRocen«, Sewalik Hills, India. — Fauna, Ant. 

Siv. pi. 81, f. 1-4 ; pi. 82, f. 1-3, 5, 6 ; pL 84, f. 1-4 j pi. 85, f. 

1, 3, 5, 6, 8. 
' ' NcMnadicus, Falc. and Cautl — Miocene, Pliocene, Sewalik Hills ?, Nerbudda. 

—Fauna, Ant. Siv. pL 81, f. 5-7 ; pi. 82, t 7, 8. 
« palcBonus, Falc. and Cautl. — Pliocene, Nerbudda. — Fauna Ant. Sir. pL 82, 

f. 9-11. 
' sp. — Pliocene ?, firom the Irawaddi. — Fauna, Ant. Siv. pL 82, f. 12. 
sp. — Pliocene^ Nerbudda, Nelee Pass. — Fauna, Ant. Siv. pL 84, L 13, 14 ; 

pi. 84, f. 15, 17-19. 
Coryphodon eocaenus, Owen. — JSocene, Essex coast. — Brit. Foss. Mam. p. 299, 

f. 103 ; f. 4, 107"; 
Tapirus priscus, Kaup. — Eed Crag, Woodbridge, Suffolk. — Owen, Joum. G^eoL 

Soc. 1856, vol. xii. p. 233, f. 9. 
Nesodon ovinus, Owen. — Pleistocene, 8. W. coast of Patagonia. — Phil. Trans. 1853, 

p. 291, pi. 15, 16. 
Hippopotamus (HexaprotodonJ Sivalensis, Falc. and CautL — Miocene^ Sewalik 

Hills, India.— Fauna Ant. Siv. pL 60, f. 1-3 ; pi. 61, f. 1, 2, 

4-11 ; pi. 62, f. 2-8, 10 ; pi. 63-66. 

— (Hexaprotodon) Iravaticus, Falc. and Cautl. — Pliocene ?, Irawaddi River, 

Central India. — Fauna, Ant. Siv. pi. 57, f. 10. 

f HexaprotodonJ Namadicus, Falc. and CautL — Pliocene, Nerbudda Biver, 

Central India. — Fauna, Ant. Siv. pi. 58, f. 1 -3. 

— (TetraprotodonJ palesindicus, Falc. and CautL — Pliocene, Nerbudda Eiver, 

Central India. — Fauna Ant. Siv. pi. 57, f. 1-4, 6-9 ; pi. 58, 

f. 4^10; pL62, f. 11,12. 
Hyopotamus Vectiamis, Owen. — Eocene, Isle of Wight. — Quart. Joum. GboL Soc. 

vol. iv. p. 102, pi. 8, f. 1-5. 
8us (Hippohyusj Sivalensis, Falc. and Cautl. — Miocene, Sewalik Hills, India. — 

Fauna Ant. Siv. pi. 70, f. 1 ; pi. 71, f. 1-4. 
gigantetis, Falc. and Cautl. — Miocene, Pliocene, Sewalik Hills, Nerbudda Kiver. 

—Fauna Ant. Siv. pi. 69, f. 1, 3 j pi. 70, f. 4-7 ; pi. 71, f. 12, 

15-19 ; pi. 72, f. 8. 
Hgsudricus, Falc. and Cautl. — Miocene, Sewalik Hills, India. — Fauna Ajit. 

Siv. pi. 70, f. 2, 3 ; pi. 71, f. 5-11. 
Microchcerus erinaceus. Wood. — M. Eocene, Hordweil, Hants. — Charlesworth, 

Geol. Joum. pi. 2, f. 1. 
Chalicotherium Sivalense, Falc. and Cautl. — Miocene, Sewalik Hills, India. — Fauna 

Ant. Siv. pi. 80, f. 2-4. 
Dicohane ovina, Owen (lower jaw). — U. Eocene, Isle of Wight. — Quart. Joum. 

Q«ol. Soc. 1857, vol. xiii. p. 25, pi. 8. 
Cainotherium commune, Brav. — Miocene, AUier, France. — Blainv. Osteog. pi. 7, 

Pachyderma. 
Mergcopotamus dissimilis, Falc. and Cautl. — Miocene, Sewalik Hills, India. — 

Fauna Ant. Siv. pi. 62, f. 15-18 ; pL 67, t 1-8 ; pi. 68, L 1, 

3-8,11-15,17,18. 
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'iHdymodon Vauclusianum^ Blake (portion of lower jaw). — JEocene, Vaucluse. — 

Geologist, 1863, Vol. XI. p. 8, pi. 2. 
Certms ietrandus, Linn, (cranium). — Cavern^ Berry Head, Devon. — Owen, Brit. 

Foss. Mam. p. 481, f. 198. 
Camelus Sivalensis^ Falc. and Gautl. — Miocene^ Sewalik Hills, India. — Asiatic 

Researches, 1836, vol. xix. p. 120, pi. 20, f. 3, 4, 6 ; pi. 21, f. 8, 

11-13 ; Fauna Ant. Siv. pi. 86, f, 2-5 ; pi. 87, f. 1-11 ; pi. 

88, f. 1-6 ; pi. 89, f. 1-14 ; pi. 90, f. 1-15. 
Sivatherium giganteum, Falc. and Gautl. — Miocene, ^ewalik Hills, India. — Asiatic 

Researches, 1835, vol. xix. p. 1, pi. 1 ; Fauna Ant. Siv. pi. 91-2. 
.^imm j>mct{«, Bojanus (cranium). — Pleistocene^ Eschscholtz Bay. — Beechey,Voy. 

of *Beagle,* 1831, vol. ii. p. 593, pi. 3. 
priscus, Bojanus (metatarsal). — Pleistocene, ClactOn, Essex. — Owen, Brit. 

Foss. Mam. p. 497, t 207. 
Sos frontosns, Nielson (cranium). — Pleistocene, Bawdsey Bog, Suffolk. — ^Mackie, 

Geologist, 1862, Vol. V. pi. 15. 
primigenius, Bojanus (cranium). — Pleistocene, Atholl, Perthshire. — Owen, 

Brit. Foss. Mam. p. 498, f. 208, 209. 
£ubalus moschatus, Owen (cranium) . — Pleistocene, Maidenhead. — Quart. Joum. 

Geol. Soc. 1856, vol. xii. p. 127, f. 1-3. 
Balcsnodon physaloides, Owen. — Red Crag, Felixstow. — Brit. Foss. Mam. p. 536, 

f. 219, 226, 227. 
Phascolotherium Buchlandi, Brod. sp. (lower jaw). — Great Oolite, Stonesfield. — 

Owen, Trans. Geol. Soc. vol. vi. p. 58, pi. 6, f. 2 j Foss. Mam. 

p. 61, f. 20 ; Didelphys, Zool. Joum. vol. iii. p. 408, pi. 11 ; 

Buckland, Bridgw. Treat, pi. 2, f. A. 
Thylacoleo camifex, Owen.— Phil. Trans. 1859, pi, 11, f. 1 ; pL 13, f. 1, 6-8 ; 

Owen, Palaeontology, 2nd edit. 1861, p. 432, f. 173. 
JDiprotodon Australis, Owen. — Pleistocene ?, AVistralia. — Palaeontology, 2nd edit. 

1861, p. 430, f. 171. 
Nototheriwn Mitchelii, Owen. — Pleistocene ?, Australia. — Quart. Joum. Gteol. Soc. 

1859, vol. XV. p. 176, pi. 9, f. 1, 2, 4, 5. 

II. BIRDS. 

Haley omis toliapicus, KSnig, sp. — Eocene, Sheppey. — Owen, Brit. Foss. Mam. 

and Birds, p. 554, f. 234, 235 ; Larus, K5nig, Icones Foss. Sect. 

1825, f. 193. 
ArcJuBopteryx macrura, Owen. — Lithographic stOTie (U, Oolite), Soleiihofen, Bava- 

ria.— Phil. Trans. 1863, p. 33, pi. 1, 3, f. 1 ; pi. 4, f. 1, 7, 8 ; 

Woodward, Intellectual Observer, 1862, voL ii. p. 313 j Mackie, 

Geologist, 1863, Vol. VI. p. 1, pi. 1. 
IHnomis giganieus, Owen. — Modem deposits. Middle Island, New Zealand. — 

Trans. Zool. Soc. 1856, vol. iv. p. 159, pi. 47, f. 2,3 ; Paleonto- 

logie,p.330,f. 111. 
elephantopus, Owen (entire skeleton). — Modem deposits. Middle Island, New 

Zealand.— Trans. Zool. Soc. 1856, vol. iv. p. 149, pi. 43-47, f. 

1 ; Pal^ntologie, p. 330, f. 111. 
Sggs of Birds. — Palndinen KalJc {U. Eocene ?), Wissenau, near Mayence. — Leon- 
bard and Bronn, Jahrbuch, 1849, p. 69, pi. 3. 
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Ancient Climates, 



Dear Sir, — The readers of the ' Geologist' must, I believe, have all been 
as gratified by the perusal of the late articles from your hand as I have 
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been myself, suggesting, as they do, ideas oat of the beaten track. Inde^' 
from the editorial remarks which have appeared in several of the recent 
numbers, I perceive that to turn aside from the footprints of the SeAooU, 
and to tread in the stranger paths that point towards discovery, is an idio- 
syncrasy of vour mind. 

But my object in addressing you is not to point out that which must be 
patent to all your readers, but rather to offer some remarks on the ideas 
which the articles referred to express. My remarks are principally made 
with reference to the note on " Ancient Climates." 

Before I come to a consideration of your own more immediate views upon 
the subject, as contained in the latter part of the paper, perhaps I should 
explain my opinions as regards what you rightly term one of the enigmas 
of geology — the maintenance on the earth's surface of a high temperature. 

Let us for a moment carry ourselves back in imagination to those early 
stages of the earth's existence to which science is unable to assign even a 
probable date, and endeavour to appreciate, in the mind's eye, some of the 
conditions under which it laboured, when, glowing hot, it was first projected 
from the anvil of nature into those regions of the illimitable which were 
destined to be the scene of its career. I say glowing hot, because, although 
you imply that there is some reason to doubt its ever having suffered any 
great degree of heat, I for one have never entertained any opinion but 
that such was its state at one period. 

From the burning, seething mass arises a dark and dense atmosphere, of 
which carbon and carbonic acid formed the great ingredients, presenting 
as effectual a screen against the entrance of tne sun's rays as it did to the 
escape of heat from the body of the planet it surrounded. Though the 
sun occupied its place as the centre, its attributes — flight and heat — as far 
at least as our planet was concerned, were not experienced, " and darkness 
was upon the lace of the deep." 

Gradually the external surface of this cloud-mantle radiated its heat 
into space — a very slow process, and one that might have taken ages to 
get rid of five degrees of temperature — and allowed the large overplus of 
carbonic acid to be deposited m the forms of limestone and mineral coal. 
The earth was now no longer " without form," but void. 

Let us suppose so long a time to have elapsed that already the fervid 
body of our globe has cooled down to a comparatively low temperature — 
the dense mantle that once shrouded her has partially dissipated itself, 
but a gloomy obscurity still hangs over her, calculated to hola heat in an 
eminent degree. Water appears next as water, that before formed an ele- 
ment of the atmosphere only ; in short, the waters were divided from the 
waters. The " firmament," as the early historian describes it, was not 
the cerulean expanse we are accustomed to see, but one of cloud scenery, 
through which the struggling sunbeams can with difficulty penetrate earth- 
wards, obedient to the mandate of the Creator, " Let thebe be Light." 
After the appearance of land from out the waters which had been preci- 
pitated over the entire surface, vegetation made its way ; but was it at all 
like the vegetation of the present day P I am inclinea to think not. The 
part in nature that the vegetable world was to play had not been called 
on ; other scenes were taking place on the great stage from which the cur- 
tain had but just gone up ; the Deus ex machind of creation had not 
come on, and the full strength of the company was not yet required. I 
conceive this early vegetation to have been of a very luxuriant, though, 
generally, of di. fruitless character, making up in mass of leaf and limb what 
it lacked in flower and fruit. This the large proportion of carbonic still 
in the atmosphere, and the dampness of the air, together with its high 
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temperature, was calculated to bring about and to foster in the greatest 
degree. In this manner our coal-beds might have been stored ; for it is 
liardly possible to conceive their formation under circumstances such as 
now exist. I conceive, moreover, that such a growth as I have described 
would have been highly necessary, in order to make a vegetable mould to 
mix with, and assist in the disintegration of the inorganic soil that must 
at first have formed the surface of the ground. 

But the world was not destined to be the scene of the life and death of 
regetation merely ; and everything tended but to that higher purpose. 

The cooling proceeds to a yet lower temperature ; the large amount of 
vapour which before had shrouded the earth began to be deposited freely ; 
the sky often exhibited its blue tint ; and, generally, meteorological pro- 
cesses were more in accordance with what they are at the present time. 
Vegetation now was required for the food of animal life, and therefore the 
sun-liffht, as well as heat and carbon, was necessary for its higher develop- 
ment. I conceive that it was at this epoch the two great lights were created 
which were to rule the day and night ; for, although the sun was doubtless 
present when the rest of the system was made, the little light that pene- 
trated the earth was only sufficient to distinguish day from night. 

It is not necessary that I should follow up step by step the gradual cool- 
ing down of the atmosphere till it reached its present average temperature, 
wmch point it arrived at when the state of the sky no longer permitted 
the retention of heat, but, on the other hand, offered no resistance to the 
entrance of the radiated heat from the sun. The earth then derived its 
heat from the sun alone ; a supply that is continually being received and 
given off, so keeping up a proper balance over the whole globe. 

These notes on ancient temperatures are merely thrown out as sug^es' 
tions, and not as final results, the product of any close investigation into 
the subject ; I therefore beg that they will be received as such. 

I had intended to ofier some remarks on the latter portion of the paper, 
** the grand physical operations '* that you conceive to have been at work 
in bringing about changes in the condition of our planet, but I fear that I 
have already extended my note beyond prudent limits, and therefore will 
defer any further observations, and remain. Sir, faithfully yours, 

HeNBY C. CfilSWICK. 

Cfreenwichy Februaiy, 1864. 
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KoTAL Institution. — January 29. — " On the Glacial Epoch." By Pro- 
fessor Frankland, F.K.S. — ^Amongst the circumstances that have pro- 
foundly influenced the present physical condition of our earth, the action 
of ancient glaciers upon a scale of almost inconceivable magnitude has been 
gradually but irresistibly forcing itself upon the notice of philosophers 
since their attention was first called to it by Yenetz and Esmark. There 
are few elevated regions in any quarter of the globe which do not exhibit 
indubitable evidence of the characteristic grinding and polishing action of 
ice-masses, although at present, perhaps, they are scarcely streaked by the 
snows of winter. In our own country the researches of Buckland, and 
especially of Eamsay, have clearly shown that the Highlands of Scotland, 
the mountains of Wales and Cumberlund, and the limestone crags of York- 
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shire, abound in these roches moutonnSs, which leave no doubt that the 
yalleys of those mountain ranges were once filled with glaciers of dimen- 
sions unsurpassed, if even ecj^ualled, by those which at the present day 
stream down the sides of their gigantic Swiss rivals. Nor was this per- 
petual ice of a former age confined to localities where no such phenomenon 
IS now seen, but numerous observations have established that the glaciers 
of the present age, existing in* Switzerland, Norway, and elsewhere, are 
but the nearly dried-up streamlets of ancient ice-rivers of enormous size. 
These glaciers have eroded the Alpine valleys, of which they once held 
possession, have carved out the lochs and kyles of Scotland, as well as the 
grander fjords of Norway, and have contributed in a most essential man- 
ner to the present aspect of our mountain scenery. £amsay and Tyndall 
have recently called attention to this action of ancient glaciers, and have 
contended, with considerable plausibility — the former that the lake basins, 
the latter that the valleys of the Alps, have been thus, in great part, 
scooped out. In no part of the world, perhaps, can the phenomena of the 
glacial epoch be more advantageously studied than in Norway, where the 
ice-scarred coasts and fiords are still fully exposed to the eye of the ob- 
server, side by side with the ocean, which furnished the crystalline mate- 
rial that formerly covered them. Two thousand miles of coast, from 
Christiania to the North Cape, afford almost uninterrupted evidence of the 
vast ice-operations which, during the epoch in question, moulded nearly 
every feature of this remarkable country. Starting from Christiania, the 
traveller cannot fail to remark the peculiar appearance of the gneiss and 
granite rocks composing the coast, as well as the innumerable islands, 
which, forming a great natural breakwater, protect the shore from the 
heavy seas rolling in from the Atlantic. These rocks, here rarely rising 
to the height of 800 or 900 feet, present nothing of that sharp and rugged 
outline which generally characterizes such formations. On the contrary, 
they are smoothed even to their summits, all their angles worn off^, and 
every trace of boldness and asperity effaced. To the casual and unin- 
structed observer the action of the sea suggests itself as a sufficient cause 
of these appearances ; but it does not require much scrutiny to be con- 
vinced that the ocean waves have had little to do with this smoothing and 
polishing of the coast, since it is the surfaces sloping towards the land that 
are most acted upon ; whilst in some places, where the rock descends pre- 
cipitously towards the sea, and is subject to the dash of the waves, it has 
been protected from the abrading action, and presents merely a weathered 
surface. 

Hounding the promontory of the Naze and proceeding northward, the 
coast presents, with slight exceptions, the same general features until the 
Arctic circle is approached, when the character of the scenery rather sud- 
denly changes. The rocky hills acquire the dignity of mountains, and 
tower up in rugged, sharp, and fantastic peaks, contrasting strongly with 
the rounded summits of the lower latitudes. But these arctic peaks owe 
their immunity from the abrading action of ice solely to their height; 
around their bases, and even high up their sides, the slow surges of the 
moving glacial sea have made their unmistakable marks, grinding, and 
even undercutting, them into most extraordinary forms, as fine instances 
of which may be mentioned the Seven Sisters, and Torghatten, with its 
singular tunnel, just south of the Arctic circle ; the Horseman, standing 
on the circle ; and the mountains of the Folden and Vestjords, north of 
it: the latter having been justly described by the E-ev. E. Everest as re- 
sembling the jaws of an immense shark.* 

• The speaker was greatly indebted to his friend B. F. Duppa, Esq., for heautifbl 
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To accoant for the advent and subsequent disappearance of such vast 
masses of ice, various hypotheses have been propounded. It has been 
suggested that the temperature of space is not uniform, and that our solar 
system, in performing its proper motion among the stars, sometimes jjasses 
through regions of comparatively low temperature : according to this hy- 
pothesis, the glacial epoch occurred during the passage of our system 
through such a cold portion of space. Some have imagined that the heat 
emitted by the sun is subject to variation, and that the glacial epoch hap- 
pened during what may be termed a cold solar period. Others, again, be- 
lieve that a different distribution of land and water would render the cli- 
mate of certain localities colder tlian it is at present, and would thus suffi- 
ciently account for the phenomena of the glacial epoch. Finally, Professor 
Kamtz considers that at the time of the glacial period the mountains were 
much higher than at present — Mont Blanc 20,000 feet for instance — the 
Secondary and Tertiary formations having been since eroded from their 
summits. 

The two last assumptions are attended with formidable geological diffi- 
culties, especially when it is considered that the phenomena of the e])och 
in questicn extended over the entire surface of the globe ; they have 
therefore never acquired more than a very partial acceptance. With regard 
to the two first-named hypotheses, my colleague, Professor Tyndall, has 
recently shown that they are founded upon an entirely erroneous concep- 
tion of the conditions necessary to the pnenomena sought to be explained. 
The formation of glaciers is a true process of distillation, requiring heat as 
much as cold for its due performance. The produce of a still would be 
diminished, not increased, by an absolute reduction of temperature. A 
greater differentiation of temperature is what is required to stimulate the 
operation into greater activity. Professor Tyndall does not suggest any 
cause for such exalted differentiation during the glacial epoch; but he 
proves conclusively that both hypotheses, besides being totally unsupported 
by cosmical facts, are not only incompetent to constitute such a cause, but 
also assume a condition of things which would cut off the glaciers at their 
source, by diminishing the evaporation upon which their existence essen- 
tially depends. 

The speaker divided the great natural glacial apparatus into three parts 
— viz. the evaporator, the condenser, and the receiver. The part per- 
formed by the ocean as the evaporator is too obvious to need description. 
The two remaining portions of the apparatus, however, are generally con- 
founded with each other. The mountains are in reality the receivers, or 
icebearers, and are only in a subordinate sense condensers. The true con- 
denser is the dry air of the upper region of the atmosphere, which permits 
of the free radiation into space of the heat from aqueous vapour.* 

All the hypotheses hitherto propounded having therefore failed, in the 
light of recent research, to account for the conditions which brought about 
the glacial epoch, the speaker felt less reluctance in advancing a new the- 
ory, which had gradually elaborated itself out of the impressions he had 
received during a recent visit to Norway. Any such theory must take 
cognizance of the following points in the history of the glacial epoch : — 1st, 

coloared drawings of these remarkable objects, taken from the sketches of Professor 
James D. Forbes and Mr. Mattieu "Williams. 

• This radiation from aqueous vapour was experimentally shown by causing a jet of 
dry steam to pass in front of, and at a distance of two feet from, a thermo-electric pile ; 
the galvanometer connected with the latter promptly showed a large deflection for heat, 
proving that the pile was receiving radiant heat from the aqueous vapour. A jet of air 
heated in the same manner and projected in front of the pile produced no such efTect. 
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that its effecta were felt over the entire globe. 2nd, that it occurred at 
a geologically recent period. 3rd, that it waa preceded by a period of in- 
definite duration, in which glacial action was either altogether wanting, or 
was at least comparatively insignificant. 4th, that during its continuance 
atmospheric precipitation was much greater, and the height of the snow- 
line considerably less than at present. 5th, that it was followed by a 
period extending to the present time, when glacial action became again 
msignificant. 

All these conditions he believed to be the natural sequences of the gra- 
dual secular cooling of the surface of our globe. The sole cause of the 
phenomena of the glacial epoch was a higher temperature of the ocean than 
that which obtains at present. 

He then examined the grounds upon which this hypothesis is based. 
Numerous observations of the augmentation of temperature, at increasing 
depths from the surface of the earth, no longer leave room for doubt that 
the vast mass of materials constituting the interior of our globe is at the 
present moment at a temperature far higher than that of the surface. If 
this be so, the conclusion is almost inevitable, that at earlier periods of the 
earth's history this high temperature must, at all events at depths com- 
paratively little removed from the surface, have been still higher, and that 
consequently the temperature of the surface itself must in former ages 
have been much more influenced by the internal heat than is the case at 
the present day. Tracing thus back the thermal history of our earth, it 
is conceivable that the waters of the ocean once existed as aqueous vapour 
in our atmosphere, — a condition which it is imagined obtains at the present 
day in Jupiter, Venus, and other planets, whose superior size or closer 
proximity to the sun may be supposed to have retarded the refrigeratictt 
of their surfaces. From the period, therefore, when the cooling of the 
earth's crust permitted the ocean to assume the liquid condition, its waten 
have gradually cooled from the boiling-point down to the present tempe- 
rature, whilst the land has also undergone a similar process of refrigera- 
tion. It was during th^ later stages of this cooling operation that the gla- 
cial epoch occurred. For this assumption, however, it is necessary to 
establish that the rate of cooling of the land and of the ocean surfaces was 
unequal, otherwise the more rapid evaporation of the ocean due. to increased 
temperature would be more or less neutralized by the impaired eiBciency 
of tne proportionately warm icebearers. The speaker then proceeded to 
describe tne results of his numerous experiments, which conclusively 
proved that, under the conditions contemplated, the land would cool more 
rapidly than the sea. This efiect is brought about principidly by two 
causes, viz. the great specific heat of water compared with granite and 
other rocks, and the comparative facility with which radiant heat escapes 
from granite through moist air. The amounts of heat associated with 
equal weights of water and granite are as 5 to 1 in favour of the former, 
or, if equal volumes be taken, the water requires to lose twice as much 
heat as the granite in order to cool through the same number of degrees : 
but it is in regard to the escape of radiant heat from their surfaces that 
the superior retention of warmth by the oceanic waters is most strongly 
marked. The readiness with which radiant heat escapes from equal sur- 
faces of water and granite at the same temperature through perfectly dry 
air is nearly equal ; but so soon as aqueous vapour is interposed in the path 
of these rays, the conditions become wonderfully altered; the escape of 
heat from both is interrupted, but its radiation from the water is retarded 
in by far the greatest degree. This extraordinary intranscalency of aque- 
ous vapour to rays issuing from water has just been conclusiv^y proved in 
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the physical laboratory of this Institution by researches made by Professor 
Tjrndall, and not yet published. The difference between granite and water 
arising from this cause becomes vastly augmented when it is considered 
that the icebearing surfaces occupy an elevated position above the level of 
the sea, consequently the mantle of aqueous vapour which their radiant 
heat had to penetrate must have been much more attenuated than tho 
comparatively dense shell lying between them and the surface of the ocean. 
Thus the obscure rays of neat streamed into space from the icebearing 
surfaces with comparatively little interruption, whilst the radiation from 
the sea was as effectually retarded as if the latter had been protected with 
a thick envelope of non-conducting material. 

Whether we take into consideration, therefore, the conductivity of 
water and granite, their specific heats, or, finally, the respective facilities 
with which they can, under the cosmical conditions contemplated, throw 
off their heat into space, we find everywhere a state of things tending 
much more to the conservation of the heat of the water than to the reten- 
tion of that of the land ; and this of course applies also, mutatis mutandis^ 
to the retention of that heat which is received from solar radiation. The 
luminous heat-rays of the sun pass freely through aqueous vapour, and 
are absorbed by both granitic and oceanic surfaces, but, once absorbed, 
these rays issue forth again as obscure heat of two different qualities or. 
rates of vibration. To use TyndalFs beautiful explanation of the pheno- 
xnenon, the vibrations of the liquid water molecules are of such rapidity as 
can be best taken up and absorbed by the same molecules in the rapor/- 
ous condition. But granite is a very complex substance, and fewer of the 
heat-oscillations of its atoms are in unison with those of aqueous vapour ; 
hencQ the heat- vibrations of granite disturb the molecules of aqueous va- 
pour in their passage through the atmosphere in a less degree, and conse- 
quently the granitic rays are less absorbed. 

Thus, whilst the ocean retained a temperature considerably higher than 
at present, the icebearers had undergone a considerably greater refrigera- 
tion. The evaporation from the ocean would therefore, at the period con-- 
templated, be greater than it is at present, whilst the capabihties of the 
icebearers, as such, would not be perceptibly less. Moreover, it is evi- 
dent that, during the whole of the cooling period, the ocean must have 
been receiving heat from its floor, and thus have acted as a carrier of 
warmtJi from the comparatively profound portions of tlie earth's crust to 
the oceanic sur&ce. It thus resembled a mass of water contained in an 
evaporating basin, placed over a very slow and gradually declining fire. 
Under such conditions its cooling was protracted through a vast period, 
allowing sufficient time, between a temperature inimical to animal hfe and 
the commencement of the glacial epoch, to permit of the development and 
decay of those forms of animal life which existed in the preglacial seas. 
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The rate of eTaporation of water at different temperatnrefl and nnder 
various circumstances was determined by Dalton, wnoee results are em- 
bodied in tlie foregoing table. The evaporation took place in each case 
from a circular surface six inches in diameter. 

We have no sufficient data to calculate the present mean temperature of 
the ocean, but in lat. 69° 40^ off the coast of Norway, at noon on a remark- 
ably hot summer's day, Professor Forbes found the temperature to be 
46*6° Fahr. The assumption of 40° Fahr. as the mean temperature off the 
coast of Norway, would therefore probably be in excess of tne truth. Now, 
taking the mean of Dalton's results obtained at 35° and 4i5°, and comparing 
it with the mean of his results at 55° aud 65°, it will be seen that an in- 
crease of 20^ in the temperature of the ocean off the coast of Norway 
would double the evaporation from a given surface. Such an increased 
evapjoration, accompauied as it necessarily must be by a corresponding 
precipitation, would suffice to supply the higher portions of the land with 
that gigautic ice-burden which groaned down the mountain slopes during 
the glacial epoch. 

But would not the increased oceanic temperature tend to augment the 
mean temperature of the atmosphere even at considerable elevations, and 
thus raise the snow-line and reduce the area of perpetual snow P In an- 
swering this question, the speaker showed that the limit of perpetual 
snow does not depend so mucn upon the mean temperature of the atmo- 
sphere at that particular elevation, as upon the amount of snow accumulating 
during the cold season. Under the equator, the mean temperature of the 
snow-line is 35° Fahr. ; in the Alps and Pyrenees, about 45° ; and in lat. 
68°, in Norway, it is only 21°. Thus the mean temperature of the snow-line 
rises as we approach the equator, which means that the snow-line^tself 
descends below its normal height, owing principally to augmented oceanic 
evaporation accompanied by increased atmospheric precipitation. The 
deluges of rain which fall within the tropics far surpass the rainfall in the 
temperate and frigid zones, and doubtless the fall of snow upon intertro- 
pical mountains is proportionately great. The important innuence which 
the amount of precipitation exercises upon the lower limit of perpetual 
snow is beautifully exemplified at the fine waterfall of Tysse Strenger, 
near the head of the Hardanger Fjord, and was first noticed by Mr. M. 
Williams. The spray from this fall, being frozen in winter, covers the 
valley for nearly half a mile with a stratum of snow and ice, so thick as to 
defy the solar rays of summer to melt it ; thus lowering the snow-line by 
more than 2000 feet. The speaker had also seen in the Sor Fjord, under 
similar abnormal conditions, a mass of snow lying, in the month of August 
last, within 10 feet of the level of the sea, although the normal snow-line 
is there at least 4500 feet above the sea-level. That the height of the 
snow-line is essentially dependent upon the amount of precipitation, and 
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not upon mean temperature, is evident from a comparison of its height on 
the coast and in the interior of the Scandinaviaii peninsula, as given hj 
Forbes in the accompanying table, compiled partly from his own observa- 
tions, and partly from those of Yon Bucn, Naumann, and others. 

Thus the difference between the height of the snow-line near the coast, 
where, owing to the impact of the gulf-stream, the winter is mild but the 
atmospheric precipitation great, and in the interior, where the climate is 
severe but the air comparatively dry, amounts in some cases to as much as 
1050 feet, or nearly one-fourth of the total height. Such is the depress- 
ing effect of greater precipitation as regards the limit of perpetual snow ; 
nor must it be forgotten tliat copious precipitation is altogether incompa- 
tible with great summer-heat. The incessantly clouded sky cuts off the 
solar rays, and moderates the summer temperature. It is a trite observa- 
tion, that a wet summer is always a cold one. The mean temperature of 
the land in contiguity with such extensive surfaces of anow could also not 
fail to be considerably reduced ; for although the actual amount of heat in 
activity at the surface of the earth was greater during the glacial period 
than subsequently, yet the cold of winter became stored up in masses of 
falling snow, which m melting absorbed the heat of the succeeding summer, 
and thus reduced both the mean and summer temperature of the land, es- 
pecially of such portions of it as were not situated greatly below the snow- 
line. The common notion, therefore, that the glacial epoch was a cold 
one, is correct, although heat, not cold, was the cause of that epoch. This 
apparent paradox, that heat should be the cause of cold, finds its parallel 
in the ice-making machines which were in operation at the last Great Ex- 
hibition. In those machines which produced from 2 to 12 tons of ice per 
ton of coal, the glacial produce was directly proportional to the amount of 
heat developed by the combustion of coal. 

But it is evident that this lowering of the snow-line by increased oceanic 
temperature could only occur within certain limits ; for, although the 
mean temperature of the snow-line might rise from 21°, its present posi- 
tion in Norway, to 35°, its height under the equator, and perhaps even 
still higher, without any elevation of the snow-line itself, yet a further 
rise of mean temperature, which would result from a continued augmen- 
tation of oceanic heat, could not fail to elevate the snow-line itself, and 
eventually to chase the last portions of snow even from the loftiest moun- 
tain peaks. A process the inverse of this has gone on in nature, leading 
gradually to the glacial epoch, and eventually to the present meteorolo- 
gical condition of our globe. Whilst the ocean maintained a high tem- 
perature, the snow-line floated above the summits, possibly even of the 
most lofty mountains ; but with the reduction of oceanic temperature it 
graduaUy descended, enveloping peak after peak in a perennial mantle, 
until during the glacial epoch it attained its lowest depression, whence it 
again rose, owing to diminished evaporation, to its present position. 

The speaker considered that, inasmuch as recent researches had ren- 
dered all previous hypotheses regarding the glacial epoch absolutely un- 
tenable, the one for which he now contended could not be said to come 
into antagonism with any other views. It also further commended itself 
by requiring the assumption of no natural convulsion or catastrophe, no 
vast or sudden upheavals or depressions, and no change in the thermal re- 
lations of our earth to the sun or to space. On the contrary, it insisted 
that the glacial epoch was normally and gradually evolved from a thermal 
condition of the interior of our globe, which could scarcely be said to be 
any longer the subject of controversy. 

In conclusion^ this hypothesis suggests the probability that the other 
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bodies belongiog to our solar system have either already passed throngh a 
similar epoch, or are destined stiU to encounter it. With the exception of 
the polar ice of Mars, we have hitherto obtained no certain glimpse mtotiie 
tliermal or meteorological condition of the planets ; neither is the physical 
state of their surfaces accessible to our best telescopes. It is otherwise how- 
ever with the moon, whose distance is not too great to prevent the visibility 
of comparatively minute details. A careful observation of the lunar surface 
for more than a year with a silvered-glass reflector of 7 inches' aperture 
and of good defining power, had created in the speaker's mind an mipres- 
sion that our satellite had, like its primary, also passed through a glacial 
epoch, and that several, at least, of the valleys, rills, and streaks of the 
lunar surface were not improbably due to former glacial action. Notwith- 
standing the excellent dennition of modern telescopes, it could not be ex- 
pected that other than the most gigantic of the characteristic details of an 
ancient glacier-bed would be rendered visible. Under favourable dream- 
stances the terminal moraine of a glacier attains to enormous dimensions; 
and, consequently, of all the marks of a glacial valley, this would be the 
one most likely to be first perceived. Two such terminal moraines, one of 
them a double one, appeared to him to be traceable upon the moon's sur- 
face. The first was situated near the termination of that remarkable 
istreak which commences near the base of Tycho, and passing under the 
south-eastern wall of Bullialdus, into the ring of which it appears to cut, 
is gradually lost after passing crater 216 (Lubinietzky). Exactly opposite 
the last crater, and extending nearly across the streak in question, are two 
ridges forming the arcs of circles, whose centres are not coincident, and 
whose externS curvature is towards the north. Beyond the second ridge 
a talus slopes gradually down northwards to the general level of the lunar 
surface, the whole presenting an appearance reminding the observer of the 
concentric moraines of the Rhone glacier. These ridges are visible for 
the whole period during which that portion of the moon's surface is illu- 
minated, but it is only about the third day after the first quarter and at 
the corresponding phase of the waning moon (when the sun's rays, fall- 
ing nearly horizontally, throw the details of this part of the surface into 
fltrong relief) that these appearances suggest the explanation now offered. 

The other ridge, answering to a terminal moraine, occurs at the northern 
extremity of that magnificent vallty which runs past the eastern edge of 
Bheita. This ridgo is nearly semicircular, and is considerably elevated, 
both above the northern termination of the valley and the general sur- 
face of the moon. It may be seen about four days after new and full 
moon, but the position of the observer, with regard to the lights and 
shadows, renders its appearance in the rays of the rising sun by far the 
most striking. 

With regard to the probability of former glacial, or even aqueous, 
agency on the surface of the moon, difficulties of an apparently very for- 
midable character present themselves. There is not only now no evidence 
whatever of the presence of water, in any one of its three forms, at the 
lunar surface ; but, on the contrary, all seleniographic observations tend 
to prove its absence. Nevertheless, the idea of former aqueous agency in 
the moon is by no means new. It was entertained by Grruithuisen and 
others. But if water at one time existed on the surface of the moon, 
whither has it disappeared ? If we assume, in accordance with the ne- 
bular hypothesis, that the portions of matter composing respectively the 
earth and the moon once possessed an equally elevated temperature, it 
almost necessarily follows that the moon, owing to the comparative small- 
faess of its mass, would cool much more rapidly than the earth ^ for whilst 
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the volume of the moon is only about :5Vth, its surface is nearly yV^li that 
of the earth. 

This cooling of the mass of the moon must, according to all analogy, 
have been attended with contraction, which can scarcely be conceived as 
occurring without the development of a cavernous structure in the in- 
terior. Much of this cavernous structure would doubtless communicate 
by means of fissures with the surface, and thus there would be provided 
an internal receptacle for the ocean, from the depths of which even the 
burning sun of the long lunar day would be totally unabfe to dislodge 
more than traces of aqueous vapour. A globe of wax was exhibited which 
had been cast under water ; it was highly cellular, and the water had been 
forced into the hollow spaces, completely filling them. Assuming the 
solid mass of the moon to contract on coolmg at the same rate as granite, 
its refrigeration through only 180° F. woula create cellular space equal 
to nearlv 14| millions of cubic miles, which would be more than sufficient 
to engulf the whole of the lunar ocean, supposing it to bear the same 
proportion to the mass of the moon as our own ocean bears to that of the 
earth. 

If such be the present condition of the moon, we can scarcely avoid the 
eonclusion that a liquid ocean can only exist upon the surface of a planet 
so long as the latter retains a high internal temperature. The moon then 
becomes to us a prophetic picture of the ultimate fate which awaits o'ur 
earth, when, deprived of an external ocean and of all but an annual rota- 
tion upon its axis,* it shall revolve round the sun an arid and lifeless 
wilderness, — one hemisphere exposed to the perpetual glare of a cloudless 
sun, the other shrouded in eternal night. 
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Geology of Shabpness. — The following passages, from a paper by Mr. 
John Jones, of Gloucester, read before the Cotteswold Cluo, are mter- 
esting : — " The district to which we shall chiefly direct attention at present 
is that which lies between Sharpness Point and the Hock Crib, at Fre- 
therne (the * Scearp-Nesse,' * Acute Promontory,' and the * Hock Crib,' or 
' curved lying-place *), comprising the * New Ground?,' so called from 
their having been formed and reclaimed from the Severn at a very recent 
period. ... 

" Crossing the wooden bridge, over the sluice which* allows the waste 
waters of the canal to escape, we approach the place at which the ferry- 
boat from Pyrton, on the opposite side, lands its passengers ; the names of 
both being probably derived from the same Anglo-Saxon elements of Per-, 
tun, * the dwelling on the pier,* and evidencing the antiquity of the ferry, 
the rights pertaining to which are still strictly enforced by the lessee. An 
interesting chapter in practical geology may be read by tne initiated from 
this spot. 

* Mayer has recently proved that the action of the tides tends to arrest the motion 
of the earth apon its axis. And although it has been proved that since the time of 
Hipparchns the length of the terrestrial day has not increased by the one-hundredth 
part of a second, yet this fitct obviously leaves untouched the conclusion to which Mayer's 
reasoning leads. 

70L. VII. q 
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" We stand nearly upon the summit of the protruded Silurian dome, re- 
presented in a coloured section, published in the first edition of Murcbi- 
8on*8 * Silurian System,* and may find in abundance under our feet cha- 
racteristic shells and corals of the Uppjer Ludlow beds, though much damaged 
by the action of the tidal waters. The colour of this rock differs so little 
from that of the Old Red Sandstone beds which once rested immediately 
upon it, and still flank it, that the precise point of contact is difficult to. 
discover. 

** Upon th5 opposite shore, full in our view, are the Old Red Sandstone 
rocks which form the upturned edges of the Forest of Dean coal-basin, 
the ecjuivalents of the comstones, and show at a glance, by the well-marked 
antichnal lines of their strata, dipping from one point towards Ljdne]^, and 
from another towards Gloucester, the wave-like character of the motion of 
the subjacent beds, by which their elevation, with that of the Silurian 
rock just mentioned, was effected, and their curvatures produced. The 
transverse section, showing how this last passes under the others, appears 
to us to be of equal interest to the published section, and we have here ven- 
tured to produce it, from such observations as the constantly-changing bed 
of the river has enabled us to make ; remarking, that from the inaccessi- 
bility of the former, the Club would confer a boon upon its members by re- 
publishing it. 

" Walking along under the cliff towards the Berkeley Arms Inn, firom 
the seat in front of which the finest view of the district, to be seen from 
the river, may be obtained, we arrive at the mass of Old Red Sandstone, 
anticlinal to that over which we have just passed, upon which the house 
stands, although, 'from the amount of sdt deposited within the last tenor 
twelve years, the point of junction is obscured ; and crossing the road lead- 
ing to the pier, we come at once to the Lias beds, which form the well- 
known Purton section, reposing unconformably upon the same. Some 
forty years since, the principal channel ran under this cliff; but, from the 
operation of the breakwater commenced by the late Earl Pitzhardinge, 
land is rapidly forming here, and the current has been diverted to the 
Forest of I)ean side. The alluvial deposit behind the breakwater, in the 
direction of our course, from its yet unstable character, renders it difficult 
to trace the Liassic beds from their immediate line of contact with the 
Devonian ; but at the distance of about half a mile from the inn they be- 
come accessible. . . . 

** Few scenes can more vividly impress themselves upon the mind of a 
young geologist than that which presents itself here after a fall of the 
rock, and its exposure for a few weeks to the tidal and atmospheric action. 
The beach is sometimes strewn with fossils in the finest possiole condition, 
more especially as regards Gryphites, which are found of every "type con- 
ceivable within the limits of one species ; and that one only exists here, 
the writer has endeavoured to prove in a former paper, now forming a part 
of the Transactions of the Cotteswold Naturalists* Club. . . . (See no- 
tice in a former volume of the * Geologist.') 

" We have now arrived at the end of the cliff near the second break- 
water. Higher up the vale of Gloucester, it is difficult to obtain a clear 
idea of the correlation of the vast beds of gravel composed of the detritus 
of the Liassic and Oolitic beds of the neighbouring hills, containing elephant 
and hippopotamous remains, occasional chalk-flints, etc., with what is popu- 
larly known as the Northern Drift (but to which appellation we conceive 
that there are substantial reasons for objecting), be that as it may, the 
order of superposition is well shown in a small excavation within a few 
yards of the breakwater upon the edge of the cliff, where a bed of the 
gravel above-mentioned has been worked to a small extent. 
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" Upon the gravel rest two or three feet of vegetable soil, over which is 
strewn another bed of similar gravel, an inch or two only in thickness, and 
over all, under the existing herbage, the quartzose and red sandstone peb- 
bles of the (so-called) Northern Drift. Taking our stand at this point, and 
scanning the vale with the eve of a geologist, we may readily trace the se- 
quence of all the deposits of which the elements of the landscape around 
Tia consist. We cannot doubt that the Lias upon which we stand once 
stretched across what is now the channel of the Severn, and rested upon 
the Red Sandstone, as corresponding beds do at present on the opposite 
shore at Awre, near Poulton Court. Looking directly up the river, we 
may see distinctly, with the aid of a glass, the same bed stretching away 
in a corresponding direction at the Hook Crib, and we know that a few 
miles beyond this lies Westbury Cliff, where the lowest beds of the Lias 
rest upon the New Red marls ; and these being at Flaxley, unconformably 
placed against the Upper Silurian rock, thrown up near Sir Martin 
Crawley's schools, enable us to judge at what period the great disturbance 
of the Protozoic formations in this neighbourhood took place. 

"All these, from the Mayhill Sand^^tone to the upper beds of the Carbo- 
niferous system, had been placidly deposited in their due order in the 
depths of a vast sea. 

" The section of the Forest Coal-field, in any direction shown upon the 
maps of the Geological Survey, indicates no relative disturbance of its 
component strata prior to that effected by the tuming-up of its edges by 
the protrusion of older rocks, which form the tracts which separate it from 
the neighbouring coal-fields of Bristol and Glamorgan, the central portion 
remainmg comparatively undisturbed. Tlie relations of the Secondary to 
the Protozoic and eruptive rocks of the district are everywhere the same, 
and the line of unconformity between them may be traced from the trap 
boss at Tortworth, behind us, on the S.E., to the flanks of the Malvern 
range, before us, on the N.W. Wherever first or last exerted, we know 
that the cosmic force by which that great Sienitic mass was abruptly up- 
lifted produced the contortions of the Silurian rocks around it, and the un- 
dulations of those before us and under our feet ; passing hence, still up- 
heaving Silurian strata through those of the Devonian age, and penetrating 
these again at Tortworth with a mass of trap, it subsides from this point 
under the Bristol coal-field, to produce effects analas^ous to those already 
described around and beyond it. It is not our object to trace further the 
development of this force and its consequences, but to bring more promi- 
nently forward than they have hitherto been brought in the Transactions 
of the Club, those geological features, easily accessible at many points in 
this country, by which we ascertain, approximatively, the p*eriod at which 
these commotions, to which we at present owe the diversity of its soil, and 
scenery, and access to its mineral wealth, took place. In and around the 
Forest we have precipitous escarpments of Carboniferous limestone and 
shales, with those of older rocks, in such position as to prove how great 
must have been the extent of their detritus, carried away we know not 
whither. As the ancient detritic material of the lowest and most compact 
strata — ^which would necessarily be the most recent, and the last exposed to 
aqueous action — has left no trace of its existence here, we may reasonably 
expect to discover any debris of the higher strata which once reposed upon 
these. 

" We have no traces in the Forest area, for example, of the Magnesian 
Limestone and its associated beds, which in other parts of England, and 
upon the Continent, follow in regular series those of the Carboniferous 
system ; yet we find at Bristol a Magnesian conglomerate, with the re- 
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mains of undoubted Permian reptiles, and as we cannot believe, from the 
sharp angles of the rock -fragments of which it is composed, that they have 
travelled any considerable distance, we must necessarily suppose that the 
formation, of which it is the representative, was to ^me extent developed 
here. 

" We have seen the upper beds of the New Red Sandstone deposited 
unconformably against the upthrown Silurian and the Old S»ed, at Flaxley 
and elsewhere ; the Lias against the Old Eed Sandstone, as here ; and 
upon Silurian strata, as near Eastwood ; Mr. Charles Moore has informed 
us that the fissures of the Carboniferous Limestone of his district contain 
Liassic fossils ; and Mr. Etheredge has shown us a specimen of the same 
limestone bored by Lithophagidse, at whose death their holes were filled 
up by then-forming Oolitic granules. 

** IFnder these circumstances, as we are not acquainted with any group 
of strata intermediate to the Permian and Triassic formations, and as we do 
not find these in contact here, may we not reasonably infer that beds of 
Permian age had been deposited here in their due sequence, but having 
been swept away, either prior to, or in consequence of, their disruption by 
the disturbances indicated, when the deposition of the Triassic formation 
commenced, the forms of life which characterized them are here wanting, 
and the Mesozoic, which characterize the next vast epoch, have assumed 
their places P . . . 

" A glance at the great Lias outlier of Eobinswood Hill, looming up 
from the centre of the vale, reminds us that since the changes we have 
contemplated, others as remarkable have taken place ; for we recollect 
that this n^ust once have been conterminous and continuous with the Liassic 
slopes of the Cotteswolds, which form the background of the landscape, 
ana fiank it on the right. These, we know, are merely capped by beds of 
the Inferior Oolite, the detritus and fossils of which, mingled with those of 
the Lias, strew the valley from beyond Evesham to the quarry on the cliff 
which we have already visited, evidencing action to which they have been 
subjected, by which the deep combs and bays which indent them have 
been formed. The recent origin of the gravels is apparent from the re- 
mains of the great extinct pachyderms still found amongst them, and oc- 
casionally the shells of mollusca still existing around us. 

" We have expressed some doubt as to the origin of the driffc which 
overlies these gravels, to which the epithet * Northern ' has been expressly 
applied, because, the further we travel south-westward, the heavier and 
larger do we find the pebbles which constitute it become, and we may 
reasonably suppose that the smaller detritus wanders furthest from its 
parent rock. 'There may, indeed, have been an influx of similar material 
at the other end of the valley, but from its sparsely- scattered condition, 
and the minuteness of the fragments of which it is nere composed, we feel 
rather disposed to ascribe to it a south-westerly than a northern origin. 
As compared with these drifts, the Severn Channel is of modem forma- 
tion, for we see at this point that its bed is worn through them and their 
underlying gravels, — a circumstance which the want of coherence, and 
difference in the rock-materials here in juxtaposition, mast have much 
favoured. 

" Another feature of great interest in this district, to which our atten- 
tion was first called by Mr. Ciegram, is the existence of an extensive bed 
of peat, in which are found trunks and roots of trees, principally oak, in 
the ordinary state of what is popularly known as bog-oak. These may be 
best seen on the sides and in the bed of the watercourse called the £oyal 
Drough, in the excavation of which they were first brought to light. They 
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are accompanied by the catkins of hazel, and the leaves of waterflags and 
other plants, which show that they could not have been transported far 
from tne place in which they grew. The thickness of the peat-bed is from 
four to five feet, and it is some feet below the level of high-water mark, 
covered by brick- earth, of the same character as that still deposited by the 
Severn, to the depth of ten or twelve feet, indicating that it must liave 
been submerged to a suflScient depth for this accumulation to have been 
formed upon it, and subsequently uplifted to its present position. The 
same deposit is found on the opposite bank of the river, in the parish of 
Awre, and, as we are informed, on Walmer Common, in the parish of 
"Westbury-on- Severn, at Whitminster, and in other places near Gloucester, 
from which its extent may be inferred. We are not aware that these facts 
have been previously noticed by other writers. 

" The trees, when fairly uncovered in excavation, occur in great numbers, 
and very large * stag horns ' were found amongst them, some of which are 
said to have been taken to Berkeley Castle. 

" An entire skull of the Bos prtmigenitus was foiind in the Severn, not 
very far from Sharpness Point, near the spot where the fresh water of the 
Royal Drouth, on the bank -cuttings of which these trees are now best 
seen, and which runs in places through the peat-bed, still keeping open a 
channel through the sands." 

Bestobatiok of Pteeaspis.— Dear Sir,— In the May of last year I 
addressed a brief note to you, partly concerning the restoration of the 
test of Pteraspis, and which has been several times discussed by other 
correspondents and myself in the pages of your valuable magazine. Since 
then I have got from our Scottish rocks various additional fragments of 
Pteraspis, and a nearly complete specimen ; and as it seems to cast light 
on some points already mooted and made matter of controversy, I trust 
you will allow it to be figured along with this communication. 

I may say that I have both the specimen and its cast in the stone, and 
have attempted the outline of the test according to actual measurement. 
It will be observed by your readers, who take the trouble of looking back 
to previous numbers of the * Geologist,' that this outline-figure closely re- 
sembles that contributed by Mr. Powrie to your February number of 1863. 
The specimen now before us differs from that of Mr. Powrie in size, although 
akin to each other in the relative proportions of their component parts. 
They differ however considerably in two other features which I am about 
to notice. First, the terminal ed^e on either side of the central prolonga- 
tion or spine is not continuous m this new specimen, but is broken into 
segments ; and, secondly, there is evidence of a protuberance, or it may 
be perforation (a, a), which I have not observed figured in any of the pre- 
vious diagrammatical restorations of Pteraspis. 1 cannot certainly deter- 
mine from my specimen whether it is perforation or protuberance, although 
I incline to thiuK the former. I have no doubt however of what have been 
called the eye-orbits (5, h) being perforations, as the bony substance is ex- 
ceedingly well preserved at that part of the test in the specimen before 
me, and the matrix is seen piercing the distinctly-defined cgrbital space. It 
has been thought by some that these anterior perforations are the nostrils, 
and if so, a conjecture may be hazarded that these posterior perforations 
are the eye-holes ; but they may have served some other end in the eco- 
nomy of the organization of this curious old-world fish. This specimen 
exhibits very beautifully the characteristic internal structure of the plates 
as so well described by Professor Huxley. When looked at through a 
glass of feeble magnifying power, nothing can exceed the beauty of the ex- 
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ternal layer of bone, either in the regularity of the wave or in the grace 
of the curve of the ridges. It may be otlierwise in the English Ftoras- 




pides, but no Scottish specimen, which I have seen, presents us with the 
comua so fully developed in the kindred Cephalaspis. 

I may add that I have had no further li^t thrown on the nature of the 
protection of the under side of the head of Fteraspis. I can only see, irom 
the specimens I possess, that the plate of the upper side has a broad mar- 
ginal rim or border turning downwards or inwards, but whether to lock into 
another plate I cannot affirm. Hugh Mitchell. 

Craigy February 13, 1864. 

Flint Implements. — Sir Charles Lyell says, in his * Antiquity of Man,* 
that flint-implements have occasionally been found on the beach between 
Heme Bay and the Eeculvers, and that they are somewhat rare, since, so 
far as is known, not more than about twelve have been met with there. 
The most recent find is, I think, in my possession. In August, 1863, 1 spent 
some little time in attempting to discover the formation from whence tnese 
flints are derived, by, if possiole, finding one in situ ; failing in that, I de- 
termined to search the beach, and there saw one lying on its flat side on 
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the shingle. It differs from those presented by Mr. Leech to the Jermyn 
Street Museum, which are from the same locality, in being smaller, much 
less pointed, and flatter at the base. Its length must have been 5 inches, 
and its greatest breadth 3f inches, exactly corresponding to the oval shape 
and size of the Amiens flint presented by Mr. Trestwich to the same mu- 
seum. The edges are much fractured, either from use or water-roUing, 
probably both. Geo. J. Stbono. 

Queetfs Printing Office. 

Phosphobus in Natuee. — ^This element is found in minute quantities 
almost everywhere in nature ; it is an essential constituent of fertile soils, 
and of all living organisms. But people have been rather puzzled to ac- 
count for the mountains of apatite (crystalline phosphate of lime) which 
Lave already been found in one or two parts of Europe, and which may 
exist in other quarters of the globe. We quote the explanation in Dr. 
Hofmann's Eeport of the Chemical Products and Processes in Section A 
of the International Exhibition : — " Large masses of phosphorus are, in the 
course of geological revolutions extending over vast periods of time, re- 
stored from the organic reigns of nature to the mineral kingdom by the 
slow process of fossilization, whereby vegetal tissues are gradually trans- 
formed into peat, lignite, and coal; and animal tissues are petrified 
into coprolites, which, in course of time, yield crystalline apatite." And 
then : — •" After lying locked up and motionless in these forms for indefi- 
nite periods, phosphorus, by further geological movements, becomes again 
exposed to its natural solvents, water and carbonic acid, and is thus re- 
stored to active service in the organisms of plants and the lower animals, 
through which it passes, to complete the mighty cycle of its movements, 
into the blood and tissue of the human frame. While circulating thus, 
age after age, through the three kingdoms of nature, phosphorus is never 
for a moment free. It is throughout retained in combination with oxygen 
and with the earthy or alkaline metals, for which its attraction is intense." 

Traditions op the Deluge and op the Unity op Obioin op Man. 
— ^The subiect of traditions was brought under discussion at a late meeting 
of the Ethnological Society, by a paper by the Rev. Mr. Farrar, who in 
general terms objected to the race-values, as well as the antiquity of tradi- 
tions. One point is, however, in a geological aspect, I think, worthy of ex- 
amination. I am under the impression that the tradition of a universal 
deluge, and of the descent of mankind from a single pair, is characteristic 
of the Caucasian races. Now the glacial era was seemingly inaugurated 
with unequalled copious rains, and passed away as a geological age in a 
multitude of debacles, seemingly from the melting of the vast quantities of 
snow and ice accumulated during that intensely cold period. The relics of 
man are found fossil in the deposits of at least the dose of this period, and 
therefore primitive man would have been at least an eye-witness of the 
later debacles, if not of the inaugurating rains. To get out of the Grorilla- 
origin theory for a time, and to look justly at facts, we find the oldest fossil 
human skull — ^the Engis — belonging to the Caucasian or Euronean type. 
If, then, the Caucasian peoples should be proved to be the only original 
preservers of the tradition of the deluge and single- pair parents of the 
numan race, would it not be very confirmatory presumption in favour 
of the greater antiquity of European man, than of men or other species P 
We have nowhere got a fossil negro, and negroes have no traditions of 
these two popularly-believed events. If European man's antiquity ex- 
tended to tne debacles which dosed the gladal age, there would be an ori- 
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ginal truth handed down to us in these lefi^ends ; for although presented to 
us in an Asiatic aspect, there are race-characters in the Jews which should 
refer their primary origin to the European area ; and although these glacial 
dehacles produced no universal deluge, covering with its waters the tops of 
the highest mountains, yet local floods deluging so many and such various 
districts, would he so nearly coincident and contemporary in time, that 
their results would he practically, if not literally, universal. — S. J. Mackie. 

Erratum. — P. 80, in communication from Mr. Patti8on,ybr "Oltrungt" 
read " Oetrungt;" for " apparent Devonian" read "uppermost Devonian." 
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The ' American Journal of Science ' for January contains a translation 
of M. Perrey's Theory of Earthquakes, from his * Propositions sur les 
Tremhlements de Terre et les Volcans,* a continuation of Professor Dana's 
articles " On the Classification of Animals hased on the Principle of Cepha- 
lization," the group of insects heing taken up in the present nunaber. 
There is also a short but most interesting note by the Professor, on some 
fossil insects from the Carboniferous formation in Illinois, accompanied by 
woodcut figures. These insect-remains were discovered by Mr. Bromson 
in the Carboniferous beds at Morris, Illinois. They occur in the flattened 
ironstone concretions of the beds, which also contain plant-remains and 
two or three species of Amphipod Crustaceaus ; one specimen is a Neu- 
ropter, closely like the Semblids, and especially the Chauliodes. The 
other specimen figured is also a Neuropter ; it is a mutilated anterior wing, 
the neuration approximating to that of the genus Hemerobius. There is 
also an able paper on the " Density Rotation and E/clative Age of the 
Planets," by Pi'ofessor Henrichs, of the Iowa State University. The other 
articles are "On Tephroite," by Mr. Geo. J. Brush. Amongst the Notices— 
Unger's Scientific Kesults of a Tour in Greece and the Ionian Islands ; 
Guyot's Physical Wall-Maps of the Continent ; Professor Whitney on the 
Highest Mountains of the United States and of North America, and on the 
Survey of California ; on the Constitution of Columbite, by H. Bose ; Con- 
tributions to Palaeontology, by Professor James Hall; Monograph of 
Fossil Estheria, by Professor Bupert Jones; Dana's * Text-book of Geology ;* 
Tract on Crystallography, designed for students of the University, by Mr. 
H. Miller, of Cambridge ; Descriptions of Fossil Plants collected by Mr. 
Greo, Gibbs, Geologist to the U.S. North-west Boundary Commission, by 
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TWO OB THBEB INCIDENTS IN A EAMBLE IN THE 

NOETH OF FRANCE. 

Bt the Editob. 

• 

Haying lived from infancy on the shores of the Channel, with the 
beautiful section of the Kentish coast constantly before my eyes, it 
is only natural that as a geologist I should take especial interest in 
the study of the Cretaceous Eocks, and being fully acquainted with 
their divisions^ fossils, and details in my own district, I was desirouEi 
of instituting a comparison with those of the tiorth of France, with 
which they are so intimately connected. 

Narrow as are the straits which divide the two countries, consi- 
derable differences exist in the subdivisions of this formation as we 
proceed westward, and much is to be learut irom the study of the 
ancient condition of the various portions of the great oceanic basin 
of which both the strata of England and France Ulike are portions. 

There was also another subject of much practical importance as 
well as scientific interest, which deserved to be studied on both coasts 
— the flint beaches. Constantly are they journeying from west to 
east ; but where do they come from and whither do they go ? From 
whence are they derived P 

These were the objects for which, on thcf 3rd of September, 1854, 
I started for a month's ramble in the north of France. My health 
at the time was but very indifferent, and I was unequal to those 
exertions I should otherwise have made, and which were necessary to 
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render the investigations and comparisons complete. Being, too, 
vacation -time, the Professors were generally ahsent from the towns, 
as were also most private families, and I thus lost much valuable as- 
sistance. Moreover, the antiquities and picturesque Bcenery of the 
Seine and the coast of Normandy proved so attractive, that my pencil 
was more employed than my hammer, and my sketch-book much 
fuller than my havresac. In truth, I idled by the way, and the work 
I went for never has been done. Some of the incidents on that trip, 
however, deserve a better fate than oblivion, and are worth the jot- 
ting down. 

The period of my ramble was one of immense political importance to 
all Europe — to the world, — of the deepest and most anxious moment 
to the two countries, of whose profoundly remote geological history 
I was patiently endeavouring to read a solitary passage, spelling the 
words by petrified letters, and hoping to add another line to the 
popular translation of that wonderful book, in the study of which so 
many earnest and enthusiastic lives have been spent, and which to 
have helped to have read is the dearly prized and true reward of the 
scientific man^s ambition. 

Upon the soil I trod our forefathers had fought and bled, and the 
flower of the world's chivalry had met in sanguinary conflict on the 
very spots where .now to me the hand of friendship was sincerely 
given, and as warmly returned. Every one's attention was turned 
to the East, where England and France had sent the bravest of their 
sons. Our Armada had sailed, and there was no one without some 
relative, some friend in that vast fleet, far more powerful than that 
which stands out so proudly emblazoned on the page of Spanish 
history, but which the winds of heaven and a little gallant band of 
Englishmen dispersed. 

The first distracting incident of my voyage was the landing of 
Prince Albert at Boulogne ; the next the great review of 60,000 men 
at Marquise. 

The district of Boulogne is one of great interest, not only as the 
completing portion of the great circle of the elevation of the Wealden 
districts of Kent and Sussex, but that it has been at a more remote 
period the seat of convulsions which have brought the older rocks, even 
the Silurians, to the surface ; and the fossils of all the beds from the 
Chalk to the Primary Schists and Limestones, may be gathered in that 
region of the little old island that there protrudes through the sea- 
deposits of the Secondary rocks. I have often been surprised that 
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this wondferfuUy diversified and miniature area should not have been 
more worked. 

Then came Abbeville and its gravels, and its fine old church, and 
its statue in the market-place; then the glorious cathedral of Amiens- 
Then a week's gaiety in Paris, and more than another week spent at 
Itouen and along the Seine, until a temporary stay at Frascati's gave 
me the opportunity of commencing but not finishing a study of the 
cliffs of Havre. The main cliff, or falaise, consists of the Lower or 
Grey Chalk, which there contains numerous beds of large chert no- 
dules, in similar manner to the bands of flints in our Upper Chalk* 
The subdivisions of these beds I could not completely make out from 
top to bottom, but the notes I made are sufficiently accurate as far 
as they go, and for this reason are worth giving side by side with the 
subdivisions of the French geologist, M. Le SoBur, in 1843, it being 
borne in mind that the thicknesses of the strata, as given by me, are 
estimated by eyesight only, and not by actual measurement. 



I. Subdivisions of the Cretaceous and 
Wealden Formations recorded by M. 
Le SoBwr at the Cliff under the Light- 
house at Cap La Hhe^ 1843. 

Terrain Diluvien : — 

Argile rouge; sable fin; silex pyro- 

matique. 
Craie Infi^rieure : — 

Craie chlorit^e grise ; lits et rognons 

de silex. 
Bandes de silex. 
Craie glauconeuae blanche. 
Bandes de silex. 
Lits et rognons de silex. 
Bandes de silex. 
Craie glauconeuse blanche et rognons 

de silex. 
Bandes de silex noir. 
Craie glauconeuse brune ; rognons de 

silex; polypiers. 
{Sources.) 
Xiits tendres endurcis de glauconie 

verte. 
liits de mame bleue noire pyriteuse, 

ayec lits de silex calc^oneux. 
Qtob grayier ferrugineux. 



Section at Cap La HSve fMackie.J 

ft. in. 

Double chert 8 

1. Chalk 10 

Ditto 14 

2. Chert 6 

Chalk . . ., 8 

3. Chert 6 

Chalk 10 

Parting. 

Chalk ....'... 10 

4. Chert nodules, large and white 1 
Chalk 

5. Chert nodules 8 

Chalk — weathers in. 

6. Chalk 10 

Blue Parting. 

7. Band of chert 10 

8. Greenish sandstone ... 9 

9. Greyish green-grained chert, 

wsmting at places ... 6 

10. Greenish-yellow soft sand- 

stone 6 

11. Band of cherty dark stone . 9 

12. Scam of dark-grey stone ..08 
Micaceous friable sandstone 

(soapy) 8 
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Sable micao^ grosaier, fin roux, blano, 

femigineux. 
Lite de fossiles. 
Terrains Jurassiques : — 

Lite alternes de mame et de oalcaire 

mameux. 
Lits alternes de mame calcaire et de 

oalcaire hjdraulique, argile hydrau- 

lique, argile k briques. 
(Huitres.) 
Argile k briques. 
Lignite. 

> Sea-lereL 
{Huitres.) 
Lits de mames. 
Calcaire mameux. 
Oolite. 
Mame bleue. 

n. Subdivisions of the same Forma- 
tions as exposed in the Cliff beyond 
fhe Lighthouse^ according to M, Le 
SoBMr, 1843. 
Terrain Diluvien : — 
Sol Buperficiel. 

Argile rouge; sable fin; silex pyro- 
matique. 
^able Vert j Craielnf<$rieure : — 

Graie chlorit«e grise ; lits et rognons 

de silex. 
Craie glauconeuse, blanche; lits et 

rognons de silex. 
Bande de silex. 
Craie glauconeuse brune. 
{Sources.) 
Lits tendres endurcis de glauconie 

verte. 
Lits de mame bleue noire pyriteux, 

avec des lits de silex calc^doneux. 
Chros gravier ferrugineux. 
Formation Wealdienne : — 

Sable micac^ quartzeux fin blanc 
roux ; veine de fer oxjde ; bnm 
noir4tre, avec nomb^uses veinee 
ferrugineuses. 

Ligne da la mer. 
Terrain Jurassique : — 
Calcaire marneux. 



ft. in. 

13. Bed of friable rock, harden^ 

ing into stone .... 2 
With base of dark brown- 
grey rock with clay streaks 3 

14. Blue Parting 4 

15. Blue friable chalk, which 

scales off by weathering , 1 4 
Soft parting. 

16. Band of dark-blue stone, 

with two broad bands of 
rubbly chert, looking like 
a single bed of rubbly rag 2 9 
Parting of dark-blue phos- 

phatic chalk ... .08 

17. Grey friable rock .... 8 

18. Semi-cherty dark-blue rag- 

like stone. ,....16 

19. Dark-blue parting^ with 

molluskite 9 8 

20. Hard dark bluish-grey stone, 

and cherty stone, forming 
the t6p portion of a thick 
bed of dark-grey stone 
with green grains, «ick>s- 
ing green chert and mol- 
luskite .20 

Softer portion which dries 
white. 

21. Cherty dark bluish-grey 

sandstone, with some 
chert {Ventriculites and 
Choanites) ..... 

22. Parting. 

23. Black phosphatic bed, pass- 

ing into — 

24. Rubbly bed of soft friable 

rock ....... 1 6 

25. Bed of soft friable sandstone 1 2 

26. Soft parting 4 

27. Bed of dark cherty-looking 

grey hard stone, (double?) 6 6 

28. Softening into Hassock (?) 

like Sandgate rock ..66 
Soft parting OS 

(Carried forward.) 
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ft. in. 



1 

s 



I 



ft. in' 
Section H. JSquivalent to base 
of Section I, Taken nearer 
the Point of Cape (MackieJ, 

31. Dark-blue bed with phos- 

phatic nodules . . . . 10 
Dark ferruginous grit, with 
phosphatic nodules . . 8 

Grit 4 

Ferruginous sandstone. 

Dark grit 10 

Pebble band. 
35. Greenish band of cindery 
Hassock (?) like Sandgate 
rock. 
^ J 36. White micaceous sand. 
^ 1 37. Ferruginous sands. 




10 





29. Dark stone-like hardened 
Sandgate - rock, with 
shells at base, and a few 
phosphationodulesattop 6 

30. Black marly sands (like 
the Sandgate sand) . .10 

31. Do. with phosphatic no- 
dules 10 

32. Dark ferruginous grit, 
with concretions . . . 8 

33. Pebble bed. 
84. Ghreenish band . .... 10 

And cindery Hassock (?) 
like Sandgate rock ... 4 
^ |35. Ferruginous sandst6ne. 
^ (36. White sand ..... 10 
P (37. Ferruginous sand. 

Since, however, the days when I scrambled over the rough under- 
cliff and up the craggy face of Cap La H6ve, the important attention 
which has been given to the quaternary deposits and the geological 
traces of the human race, has rendered one spot which excited then 
my interest still more interesting. It is a deposit of siliceous sand* 
containing recent species of shells, underlying a capping of ordinary 
angular flint drift-gravel. 

Between Frascati's well-known hotel and baths, near the pier at 
Havre, and the commencement of the chalk cliffs of Cap La Heve, the 
ground gradually rises into a low cliff of some twenty-five or thirty 
feet high, capped by a thick deposit of red clay, sand, and angular 
flints, exactly in appearance resembling the ordinary flint-drift that 
covers the chalk-hills of England. This flint-drift is seen on the coast 
in considerable thickness, covering the irregular surface of the chalk, 
and filling up numbers of those extraordinary cavities so familiar 
under the name of sand-pipes. It appears to have come down or over 
the pretty valley of St. Addresse, covering the subjacent rocks of 
every description to the present sea-level. Near the limekiln by 
Perrey's mill, the low cliff referred to commences, and consists of 
about 10 feet of red, flint-gravel drifb; gradually becoming higher, 
until near the sea-baths it has acquired an elevation of 30 or 40 feet. 
It is here that at the base of the cliff we perceive the sand to contain 
several bands of the semi-fossilized shells of species still living in the 
district, and in great abundance in the sands of the opposite coast 
at Honfleur, Trouville, and Dives. As the cliff increases in height, 
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the beds of sand become of course more visible, and near tbe com- 
mencement of the road to St. Addresse, a most excellent section is 
presented, the measurement and description of which is subjoined : 

Section of Cfravel aud underling Sand ai St, Addre$se, 

ft. in. 
Vegetable soil 3?0 

Gbayel — Bed, sandy, flint-gravel, drift 10? ft. and upwards? 

Sand Deposit — Yery friable, slightly adhesive, fine sand-rock, with lines of 

dark-green grains, and becoming slightly ferruginous at the base ; 

crumbles in the hand 50 

Band (more sandy than above) of shells of all ages and sizes, irregularly 

bedded, principally of Cardium edule 9 

Farting of dark-green grains 1 

Slightly adhesive sand-rock, as at top 3 

Band of shells, irregularly bedded, principally of Cardium eduley 

Madras Tellina, becoming slightly ferruginous at the base ... 1 2 

Parting with dark-green grains 3 

Friable sand rock, containing band of great pebbles, some 4 in. 

square, with smaller pebbles and shells 4 

Band of shells, irregularly bedded, Cardium edule, TeUina, etc. . 

Band of small pebbles and comminuted shells 2 

Resting on dark-blue argillaceous sand, intermixed at top with dark- 
grey sand 14 

Grey argillaceous sand, semi-consolidated, containing at 28 in. from 

top a band of shells, Cardium edule, etc., with small univalyes. 
Level of Beach. 

The shells found were principally those of the common cockle and 
Tellen, and these, though sometimes found in their normal position, 
were generally in the disorder and confusion so characteristic of 
littoral accumulations as to leave no doubt of the beds in question 
having formed at some former period a portion of the shore. The 
above-mentioned species of shells occurred in abundance, and do 
doubt a minute examination would add others to the list. 

This portion of the section abuts against a great mass of crate glim- 
coneuse and rubble, which almost seems to have parted the stream of 
flint-drift that surmounts the sand beds. The section from hence to 
the commencement of the cliffs of the Cape, consisting of a lofty sloping 
bank, is rendered extremely obscure by the vegetation which so luxu- 
riantly covers it. There seems at places to be indications of sand, 
but whether the bed alluded to is continued, required more time and 
a more minute investigation than I had it in my power to bestow. 

The existence of a bed of sand with recent shells below the flint- 
drift is a curious fact, if correct and I am not deceived bj appear- 
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ances. If correct, it should be of value in determining the com- 
paratively modem origin of that great diluvial mass of angular flints, 
and the debris of the chalk, and of the Tertiaries, we find so exten- 
sively spread over the area of the Chalk. 

If no error exists in my examination of the recent shell sand at 
Havre, the section there goes to show the recent origin of the " flint- 
drift," since not only the recent species of moUusks lived there, but 
even the configuration of the coast of Normandy must have had a 
near approximation to its present state before the drift gravel was 
deposited. 

The undulating surface of the valley of the Seine must have ap- 
proached nearly to its present line, although some differences either 
in the prevalent direction of the winds, or the outline of the shore, 
are required to account for the accumulation at that spot of so nu- 
merous a collection of shells, the mollusca and their debris being 
now on that side of the Seine, but sparingly distributed in conse- 
quence of the washing-away action of the boisterous seas, although 
such shells, as before stated, are abundant on the quieter shores of 
Honfleur, Trouville, and Dives. 

If nothing more important be proved from this bed of sand, it must 
be admitted that an elevation of some feet has taken place in this 
district within a very restricted period. Of such an elevation we 
have also evidences on the English side of the Channel. 

So like in mineral character is the flint-drifk seen on the top of the 
cliffs of Cap La H^ve with that shown at the roadsides of the upper 
part of the valley of St. Addresse, that there seems no doubt of the 
continuity of the deposit over the shell-sand. 

The mass of crate against which it abuts is not however in situ. 
The base of the cliffs of Cap La Heve consists of marls, sands, and 
clays of the Gault, Greensand, Wealden ? and Kimmeridge periods, 
by the rapid wearing away of which, the craie glauconeuse of whicli 
the upper portion of the cliff consists, is constantly falling or rather 
sliding down in enormous masses forming an extensive undercliff, as 
at Folkestone and the Isle of Wight in our own country. The di- 
rection of the dip shows that some of these beds would naturally be 
continued on the site of the ^^ shell-sand," and this buttress of craie 
debris — for it consists of blocks and the regenerated material of several 
strata of the craie gla/uconeiue, as indicated by the mineral characters 
of the materials, the fossil shells, etc. — has slipped or been brought 
down from a higher level to its present position ; and it is this which 
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throws some doubt whether the flint-drift of our section may not 
have been brought down by landslips such as are now common at 
the Cape, and have been a portion of a former undercliflP since cut 
into by the action of the sea. No fragments of shells, sand, or rock, 
indicating any amount of regeneration, are to be found in the " flint- 
drift," which consists entirely of ferruginous sand and angular pieces 
of flints, and which so far seems, allowing for local diflTerences of 
mineralogical character, to be identical with the fliint-drift so exten- 
sively distributed over this region. The next question to be deter- 
mined, is how far back in geological history the species of shells 
found in the subjacent sand can be found to date their existence, be- 
cause certainly the age of this shell-sand has to be mainly determined 
by its organisms, there being but little concurrent evidence as yet ob- 
tained from other sources than the mollusca found in the sand. The 
following are placed by Professor Forbes in his list of " species now 
living in British seas and found fossil in true glacial beds :" — Mactra 
soltda, Tellina solidula, Cardium edule, Nucula tenuis, Littorina lit- 
torea ; and Mactra stultorum is placed by the same author among 
the British species not found fossil in typical glacial beds, but occur- 
ring in contemporaneous Italian newer Pliocene strata. 

The evidence therefore of the shells brings the age of this Havre 
sand between two limits, that of the Pleistocene on the one hand, 
and the Recent or Actual period on the other. The flint-drifb, being 
superincumbent, must consequently take its place at a more recent 
stage than the sand within the same interval, if it be truly in situ. 

The fossils of the reieent shell-sand are well preserved, although 
extremely brittle, traces of colour being frequent, and the specimens 
of periwinkles, though not numerous, are hard, and but little changed 
in structure, excepting by the loss of albuminous matter. The por- 
tion of a tooth of JElephas ^rimigenius, found on the shore in a mass 
of hardened sandy material near the termination of the valley of St. 
Addresse, and preserved in the cabinet of M. ITlambard, indicates the 
existence and proximity of some Pleistocene deposit, the discovery 
of which would possibly throw much light on the position in time 
that our recent shell-sand ought to occupy. It would be highly in- 
teresting to determine the occurrence, and trace the connection of a 
freshwater marl or other deposit, containing bones of the Pleistocene 
mammalia, in this neighbourhood. In the drift exposed in the Cape 
cliflT-section, there are evident signs of rude inclined stratification on 
the sides of the hollows and shorter sand-pipes of the chalk, and 
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the inclination differs on either side, as we see to be the case with 
the ripples of sand which the strong current of a spring-tide makes 
on the seashore. We there see fragments of shells, or other compa- 
ratively large objects carried rapidly down the longer descending 
planes, and slowly up the sides of the steeper banks, and deposited 
beneath the crests of the waves. As the drifted shells render thus 
apparent to the eye the arrangement and disposition to which the 
grains of sand composing the bed of the shore are subjected, so by 
the disposition of the flints in the clays and sandbeds it seems to me 
we might interpret the directions and actions of the powerful flow 
that spread the drift over such extensive tracks of country. At least, 
whether we admit flood-action or not in the spread of the superficial 
deposits, a series of correct observations of such indications of the 
direction and arrangements of their contained pebbles and consti- 
tuent materials would do much towards determining the direction 
of the current or force by which those materials were brought and 
deposited. The indications of drift-movement are generally, as far 
as I observed them, towards the north, but in some cases on the 
slopes of hills the course has evidently been southerly. The pre- 
sence and form of the tongue of sand at St. Addresse seem to con- 
firm the supposition that the flint-gravel overlying the " shell-sand " 
had a southerly tendency, which would be the case if it were con- 
tinuous with the drift of St. Addresse and the high ground of Cap 
La H^ve. Further observations are, however, necessary to confirm 
this opinion. 

The deposit of sand containing shells must have been originally 
very considerable, as the waste by the sea on this coast being very 
great, even on the harder rock of the clifls, its action on such soft 
materials must have been highly destructive. 

Since writing the above, I find in ^I. Passy's excellent description 
of the department of the Seine Inf^rieure, an account of this recent 
■bell-sand, which that author considers to be a portion of the ancient 
embouchure of the Seine. 

Passing from Havre westwards, I made collections of fossils at 
Honfleur, Dives, and all along the coast up to Caen, the quarries of 
which pour their rubble down the green wooded slopes of a lovely 
gorge into the river below, — the white city with its lofty liouses and 
over-topping churches and cathedral, and the low Oolitic clifts fringing 
the blue waters of the Channel in the distance, form an enchanting 
scene worthy of a longer pilgrimage than it takes to see. 

▼oil. TII. S 
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From Caen I took the steamer back to Havre, and thence trudged 
along the shore bj Fecamp and Dieppe to Boulogne. A sketch f Ann 
my notebook at Etret&t maj well close this gossiping artide; * The 
needles and arches of our Isle of Wight are household words in Ae 
British geologist's mouth. So ar^ the arches and needl^m of Eferetit 
in every Frenchman's. Etretftt was a fishing village. It wm fttt 
rising, when I was there, into a watering-place ; it may boast' by tidi 
time of handsome rows of marine residences, but it will not be mon 
worthy of visiting than when it was as my pencil presentii it ibo my 
readers in Plate IX. - ■. 



ON THE OCCURiiENCE OF ACANTHODES IN 

PALEOZOIC BOCKS. . . 

By Bet. Huen Mitchell, M.A. 

Whatever theory we may conceive or adopt respecting the origin 
of species, it is undeniable but that Acanthodes — a genus of fossil 
fishes — has maintained a noble struggle for life. Known to oocor 
first of all in the Lower Devonian or Old Bed Sandstone, it has been 
found also in the Middle Division of that great system, and again in 
the coal-measures, and finally disappears in the Lower Fermian — ^the 
Both-todt-liegende or Lower Dyas of German authors. 

In the accompanying table we have endeavoured to put into acces- 
sible and readable shape the particulars of its occurrence, so far as 
known to us, among the rocks. 



The Rocks. 


* 


The Species. 


The Aathorities. 


Permian . / ^^ 
I Lower 


Acanthodes gracilis, 
Beyr 


1 

Mnrchison, Journal of Oeol. Soc. ' 
Tol. xiz. p. 803. 


Carboniferous/ ^PP®' 
L Lower 


* 
* 


A. Brouni, Atjf, 
A. sulcatos, Aff. . 


Egerton,GcoL Sunr.Dec. 10, p. 57. 
Agassiz, P. F., p. 125. 


Devonian . i 


Upper 

Middle 
.Lower 


* 
* 
* 
* 


A. pnsillus, Jff. . 
A. Peachi, Eff. 
A. coriacens, F^. . 
A. Mitchelli, Eff. . 


Agassiz, P. F., p. 301. ; 
Egerton, Geol. Sunr. dec. 10, p. B7. 
Egerton, Geol. Surv. dec. 10, p. 69. 
Egerton, Geol. Surv. dec. 10, p. 61. 



We first detected the occurrence of Acanthodes in the Lower De- 
vonian or Old Eed Sandstone at Farnell, in the county of Forfiur, 
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Scotland, in the summer of the year 1857. From investigations 
since made, it now appears that an abundant flush of Acanthodian 
life ushered in the morning of the vast period embraced bj the Old 
Bed Sandstone. Along with the genus Acanthodes there occur also 
several other genera of the AcanthodJan famUj, such as Climatius, 
Parescus, and some unnamed. The genera Climatius and Parescus 
were first founded upon and described by Agassiz, in his great work, 
from spines, biit since the perfect forms have turned up in our 
northern rocks^ it has been found necessary to remove them from 
among tl\e Cestraciont Placoids into the Acanthodian family of the. 
Ganoids, that is to say, provided we adhere to the classification of 
Agassiz. Other genera and species occurring with us remain to be 
described, and we are very much disposed to think that the spines; 
figured from the Ludlow boue-bed in the Upper Silurian must be 
relegated to Acanthodian forms. Much as has been made of it, have 
we any evidence of the occurrence of Placoidal fishes in those rocks 
at all, except pieces of shagreen-looking skin ? What if these, on 
closer scrutiny, turn out to be Crustacean and not Piscine remains ? 
Would it not be worth the while of some of the earnest observers in 
that region to examine carefully those Ludlow beds, or especially 
their equivalents, where spines occur, for the complete forms? It 
wa& long thought that in our Scottish rocks of the Lower Devonian 
we had nothing but unattached spines of these fossil fishes. 

It may be observed, in order to remove all doubt of the position 
here assigned to the beds of the Old Bed Sandstone in which Acan- 
thodes first occurs, that we have specimens on the same slabs with 
plates of the Pterygotus, and in the same stone v(rith Cephalaspis 
Lyellii, It may be that other species of Acanthodes occur in our 
Lower, but it is certain that in the Middle beds of the Old Bed, as 
they occur in Moray and Caithness, there is a fuller development of 
species. But in such a feature the genus would resemble many others 
in the geological muster-roll of being, — presenting us first with a 
weak dawn, — then culminating into meridian fulness, but again sink- 
ing into a slow decline and final extinction, yet still preserving 
throughout the career of their existence the characteristic traits of 
their generic life, the dying representative of the genus is not how- 
ever a degraded form, but is as beautiful and as highly a developed 
creature as its first introduced ally. The outline of the body of the 
Acanthodes of the Lower Devonian Egerton describes as remarkably 
graceful, and Homer has given the specific appellation of gracilis to 
the Acanthodes of the Lower Permian, 

It is certainly worthy of remark that the genus Acanthodes is per- 
sistent through such a lengthened period of geological existence ; and 
from such a circumstance we are inclined to infer that as the details 
of the stony record are filled up, all gaps will disappear. We do not 
and cannot admit the truth of the theory of the transmutation of 
species, yet the course of creation has not proceeded by sudden 
bounds, but by a steady, calm advance. There is no evidence, so far 
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as proof has been adduced, of the development of one good natural 
species into another; but there is evidence of a development of plan, 
and that development is but revealed to us in the occurrence, in these 
ancient life-periods, in succession of similar or kindred forms. Ever 
as the circumstances of their life are becoming alike, the species ne- 
cessarily approach and resemble. 

The history of Acanthodes, thus brought before us, almost warrants 
these conclusions : — First, there are no gaps, either in the succession 
of strata or in the course of creation, at least over lengthened periods, 
embracing it may be several so-called geological systems. A narrow 
horizon may indeed give the idea of wreck, but when the horizon of 
our observation is broadened, the chasms disappear. Secondly, there 
is evidence, at least in Acanthodes, there is no symptom of one true 
and good natural species developing into another, particularly not 
into a higher or advanced form. Thirdly, nor is there, as has been 
contended for by some writers, a degradation, either in size or in 
beauty, and other features of form, among species of the same genus, 
whose existence stretches over a long period. Fourthly. "What how- 
ever may be called digression or even retrogression of form appears in 
the development of the scheme of an Organized Creation. There is 
digression or departure from the type to put on some specific cha- 
racter towards an adaptation to some new circumstance in the life of 
the species ; and again there is retrogression, a throwing off again of 
the specific or induced characteristic, and a return to the primitive 
or naked type. The mould in which the life is cast is not broken, 
but enlarged ; yet after being enlarged, it is often again contracted 
ere the genus disappears in the onward current of the ages. • 

It is matter of regret with us now that when Egerton described in 
the decade of the Geological Survey the species of Acanthodes from 
the Lower Devonian, all our materials were not put into his hands. 
Distance is a sufficient excuse, but it is necessary to supplement bis 
description by one or two remarks. The species occurs of a very 
small size. We have a specimen, scarce half an inch in length, a very 
minim of creation, but a perfect portrait in itself, with its every spine 
and every scale in their place. When well preserved, the scale ap- 
pears to be perfectly smooth, and not ornamented in the least. And 
in many specimens there is a display of several small spines between 
the pectorals and the ventrals, as if the creature had an undercrop 
of rudimentary fins, which were attached to the spines, for the pro- 
pulsion of its graceful and slim figure through the waters, and for its 
escape from its many enemies. The species occurs in our Old Eed 
beds over almost the whole county of Forfar, and in the neighbour- 
ing county of Kincardine, and should be looked for in the equivalent 
beds of England. 
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ON THE FOSSIL FOEAMINIFBEA OF MALTA AND 

GOZO. 

By Professor T. Eupebt Jones, F.G.S. 

In a former volume of the * Geologist ' there are notices of the 
geology of Malta and Gozo (vol. for 1860, pp. 198, 275, 421), from 
which it appears that the stratal groups forming these islands are, in 
downward succession, — 

. 1. Upper Limestone ; fossiliferous. 

2. Soft sandy rock, consisting of yellow, green, and black sand in 
variable proportions, and containing many shells and echinoderms, 
chiefly as casts, and sharks' teeth. 

3. Bluish marl, with sharks' teeth and other fossils, especially 
Pecten Burdigalensis, 

4. Light-yellow calcareous freestone ; the common building-stone 
of the islands, rich with echinoderms, and containing also nautilus, 
fish-remains, and other fossils : this comprises also a band of choco- 
late-coloured pebbles, with sharks' teeth. 

5. Lower Limestone, white and bard ; with Scutella subrotunda, 
fish-teeth, and a few other fossils. 

These strata have been described by Captain Spratt, in the Geol. 
Soc. Proc, vol. iv. p. 225, etc., and their fossils determined and 
enumerated by Professor E. Forbes, ib., p. 230, etc. Dr. Wright 
also gave a notice of the beds, and descriptions of several of their 
fossils, in a paper published by the Cotteswold Nat. Field-club, and 
in the Annals Nat. Hist., 2nd ser., vol. xv. ; lastly, Dr. A. L. Adams 
and Dr. Wright communicated a paper on the Maltese Strata and 
Echinoderms to the Geological Society, in 18G3. 

Having lately received, from Captain F. W. Hutton and Dr. A. Leith 
Adams, some fine specimens of foramiaifera from the Maltese beds, 
carefully labelled as to their respective strata, as well as some notes 
on the strata from the same friends, I am enabled to add something 
as to the distribution of the foraminifera. 

Stratum No. 1, which, being largely composed of corallines (Nul- 
liporse, E. Forbes's List, loc, cit.), and destitute of corals, seems to 
have no title to its old name of " Coral-limestone," contains Hete- 
ro9teff%na depreasa, according to Dr. Adams and Captain Hutton ; the 
latter informs me that this limestone is sometimes 230 feet thick, 
Pecten Pandora being one of its most abundant fossils. 

Stratum No. 2, varying from 1 to 30 feet in thickness, is in many 
parts composed almost entirely of the little flat foraminifer that was 
formerly mistaken for a nummulite and a lenticulite, but is really 
jffeteroategina depressa. The specimens of this bed (from Dingli, 
Malta, where it is 30 feet thick), with which I have been favoured 
by Captain Hutton, are dark-yellow friable shell-rock or limestone, 
consisting of HeterosteginsB massed together in every position, 
mixed with a few valves of Pecten, in a scanty granular calcareous 
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matrix, with calcareous cement. Many of the grains are obscure 
foraminifera and debris of shells, etc. Mr. Parker has detected the 
following foraminifera in this matrix : — Glohigerina bulloideg^ Truti' 
eatulina lobatula, Planorhulina ammonoides (Quart. Journ. Geol. 
Soc, vol. xvi. p. 300), and Calcarina rarupina. 

Dr. Carpenter's allusion to this Heterostegiua-rock as being found 
in fissures in Malta, appears to be incorrect (Introd. Foraminif. 
Bay Soc., 1862, p. 288). 

In some places this bed contains a large quantity of green grains. 
These may prove, on examination by the microscope, to be casts of 
the cells of foraminifera, bryozoa, etc., as Bailey and Ebrenberg have 
shown other sands of silicate of iron really to.be. Captain Spratt. 
and Professor E. Forbes (Joe, cit.) notice the occurrence of cetacean 
bones in this bed, and of oysters with the HeterosteginaB. 

The bed No. 3, blue marl, about 100 feet thick, is not yet known 
to contain foraminifera ; but should be examined with careful mani- 
pulation, as described in the ^ Geologist,' vol. ii. p. 244. 

. No. 4, the freestone, consists of four or five divisions that run one 
into the other, lying in no regular order. The building-stone is that 
in which most of the Echinodermata are found. Captain Hutton 
and Dr. Adams state that the Heterostegina occurs m, the freestone; 
the latter poiuts out that it is much rarer than in No. 2, *' and only 
in a drab or light-blue portion towards the upper parts of the bed." 
In Professor E. Forbes's list (op, cit, p. 230), Cristellaria and Nodo- 
saria are said to occur in the upper division of this freestone ; and 
within the last few days Captain Spratt has obligingly shown me the 
specimens referred to. They comprise Nodosaria JRaphanus, N, Ba- 
phanistrum, 2^. Madicula, Dentalina acicula, D, pauperata^ Lingulina 
costata, Frondicularia annularis, Cristellaria calcttTy .and C, cassis. 
No doubt numerous smaller forms will also be found ; for these are 
the larger specimens of such a group of foraminifera as D'Orbigny 
has figured and described in his Foram. Foss. Bassin. Tert. de Yienne. 
Some of the specimens are yellowish, some are greyish, indicating at 
least two beds or seams that are rich with them. 

No. 5 is the hard whitish limestone, also used for building ; it is 
very variable in lithological character. Captain Hutton says, and 
more than 400 feet thick ; he adds, that " it is at the top of this bed 
only that Scutella suhrotunda is found." I find, by specimens that 
have been shown to me, that it also contains, in large abundance, 
Operculina complanata and Orhitoides dispansus. 

The OperculinsB (which appear to be two subvarieties) occur gre- 
gariously in the upper part of the limestone, are associated with 
Scutella suhrotunda and Echinola7npas scutiformis, and "are very com- 
mon at the fault at Migiar Selimi in Gozo, and at various points 
along the northern coast of Malta." (Dr. A. L. Adams.) A large 
hand-tfpecimen that Captain Hutton has kindly given me, comes 
from Marsa Scala, Malta. 

[We must remember that the so-called " Lenticulites complanatus'* 
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(an old name of Operculina complanatd), of Professor Forbes in the 
Proc. Geol. Soc., loc, cit, and of Dr. Wright in the Annals Nat. 
Hist., 2nd ser., vol. xv. p. 101, etc., is really the Heterostegina de* 
pressoy as the Maltese specimens in the Museum of the Geological 
Society show. See also Quart. Journ. Geol. Soc, vol. xvi. p. 300, 
note."] 

Of the Orbitoides, Dr. Adams writes, — " They are characteristic of 
the point of transition between the Lower Limestone and the Cal- 
careous Sandstone ; indeed, 1 have seen them nowhere ielse. They 
are so abundant that whole masses of limestone seem to be entirely 
corbposed of them ; properly speaking, they are fossils of the Lower 
Limestone, and are frequently associated with what you name Oper^ 
culina complanata, which seems, as far as I can find out, also peculiar 
to the same situations." The only locality that Captain Hutton 
knows for the Orbitoides- rock " is just south of Fort Kicasoli." 

Captain Hutton believes that he has detected foraminifera in thin 
slices of some of the hard white limestone (made up of more or less 
polled calcareous debris) from St. George's Bay, Malta. ' 
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THE BEV. DE. ANDEESON, 

OF NEWBUSGH. 

There is a solemn pleasure in paying a last tribute to those who have 
been our friends, and those we have respected. Death draws the dark veil 
between the living and the past away, and when one worker is taken away 
from the grand field in which we are labouring, the last act of kindliness 
to the departed those who are left can contribute is the record of the worth 
of the departed. Amongst the fossils of Dura Den, the Minister of New- 
burgh was a great and successful worker, as the fine slabs of fish in our 
museums, and some of the best plates in Agassiz's memorable ' Poissons 
Fossiles,' and in his * Grhs rouge d'J^cosse ' substantially testify. As a 
writer on geological subjects. Dr. Anderson will not take rank in highest 
eminence, but for the work he has done in his locality, he will stand in po- 
sition with the best of our local-workers. The Edinburgh * Evening Cou- 
rant ' of the 18th ult. gives a very nice notice of one that all who knew re- 
spected for his fine personal qualities. 

The geological works published by Dr. Anderson were, — * On the Ee- 
xnains of Man in the Superficial Drift,' * The Course of Creation,' *The 
Geology of Fifeshire,* " The Geology of Scotland," in the Eev. Dr. Taylor*s 
' History of Scotland,' and ^ Dura Den,' a monograph of that remarkable 
fossiliferous locality. Dr. Anderson, too, took a lively interest in the local 
affairs of his district, and in the antiquities of his parish. He was also the 
promoter of a motion in the General Assembly of 1860, for making the 
«tady of natural science compulsory on students of the Established Church; 
The testimony paid to his individual worth b;^ the writer in the Edinburgh 
referred' to, will find a ready response in the hearts of all who knew 

im. 
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COEBESPONDENCE. 



Restoration of PtiTMpii, 

Mj dear Sir, — I should like, with your permifision, to make a remark 
upon the Eev. Huf^h MitchelFs interesting letter and sketch of Fteraspis. It 
seems to me that the specimen there sketched agrees with Professor Hux- 
ley's restoration (given in a former letter) in all particulars, saying the ab- 
sence of lateral comua, the form of the terminal angles, and the presence of 
the two large apertures which Mr. Mitchell has drawn in his letter. These 
differences are, I think, to be accoimted for by the imperfect condition of 
Mr. Mitchell's specimen. I have seen some hundred specimens of Pteraspis 
with the lateral comua and with no posterior apertures, bat in every point 
agreeing with Professor Huxley's restoration. I have also seen some hun- 
dreds of specimens in a fragmentary condition, showing no oomua, no 
spine, no rostrum, and often showing apertures in the test, caused by frac- 
ture ; but most palseontologists will, I think, agree with me in considering^ 
the more perfect specimens as indicating the true form of the shield of 
Pteraspis, and will attach no weight to the negative evidence of imperfect 
specimens. The restorations of fteraspis given by Mr. Mitchell in May 
last, differ as much from the present one as it does from Professpr Huxley's. 
In the former restoration there was no rostrum and no spine ; but the dis- 
\x>very of fresh specimens has shown that the Scottish Pteraspides did 
pK>sse88 spines and rostra like their English brethren. No douot a little 
time will suffice to show that the^ also jpossessed lateral comua and a form 
of the central disk, in nowise difi^ring from, that of the English specimens. 

With regard to the under surface of the head of Pteraspis, even the 
great abundance of specimens in Herefordshire has afforded no evidence, 
save that of a negative character, and it seems to be a fair conclusion that 
it was unprotected ; the mouth being placed as in the sturgeon, and per- 
haps of the same suctorial character. I mav observe here, that in August 
last I obtained the first specimen of the scales of Pteraspis, from a quarry 
in Herefordshire. They are similar to those of the dorsal series of Cepha- 
laspis, and are attached to a portion of the cephalic shield.* 

Truly yours, 

E. Bay Laitkesixb. 



PEOCEEDINGS OF GEOLOGICAL SOCIETIES. 



Civil Engineess. — January 26. — " On the East Coast between the 
Thames and the Wash Estuaries." By Mr. J. B. Eedman, C.E. — The ob- 
ject of this paper, like that of 1852 on the South Coast, was to describe the 
characteristics of a range of coast within certain limits, to trace the changes 
produced by constant natural causes, and the resultant influences on the 
various harbours ; those of Harwich, Orford, Southwold, Yarmouth, Blake- 
ney, Wells, and Brancaster being mainly dependent on such natural bar- 
riers as those described ; as also their improvement, or deterioration, which 

* A commonication on the discovery of these scales has heen addressed to the Geolo* 
gical Society. 
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in some instances, ^as at Yarmouth, by judiciously constructed works, ma- 
terial improvement was effected, and as at Orford, where no assistance was 
rendered, great changes occurred, or as at Harwich, where, from constant 
progressive change, it was difficult to speculate on the ultimate result of 
the continued operation of natural agencies, unchecked by works of a con- 
servative character. 

Geological Society. — Jan. 20.— 1, "Observations on supposed Gla- 
cial Drift in the Labrador Peninsula, Western Canada, and on the South 
Branch of the Saskatchewan." By Professor H. Y. Hind, Trinity Col- 
lege, Toronto. — During an exploration of a part of the interior of the La- 
brador peninsula, in 1861, the author had an opportunity of observing the 
magnitude, distribution, and extraordinary number of the boulders on the 
flanks of the tableland of that area ; and he commenced this paper with 
a detailed account of the results of his observations, refemng also to the 
forced arrangement of blocks of limestone, shale, and Laurentian rocks in 
Boulder-clay at Toronto, and on the south branch of the Saskatchewan. 
Professor fiind then described briefly the Driftless Area, in Wisconsin, 
discovered by Prof. J. D. Whitney, and the conclusions to which that 
geologist has been led by the study of this district. He next adverted to 
the beaches and terraces about the great lakes, and considered their origin 
to be similar to that suggested by Mr. Jamieson for the Parallel Roads of 
Glen Boy. The formation of anchor-ice in the Gulf of St. Lawrence, and 
at the heads of rapids in the great river itself, was alluded to as one of the 
means by which nver-beds may be excavated. The parallelism of escarp- 
ments in America, at great distances apart, and at elevations varying from 
600 feet to 3000 feet above the sea, was next described, and their symme- 
trical arrangement suggested to be the result of glacial rivers undermining 
the soft strata of sedimentary rocks in advance of the glacial mass itself. 
These escarpments were also thought to represent different and closely- 
succeeding glacial epochs. 

2. " Notes on the Drift-deposits of the Valley ofihe Severn, in the neigh- 
bourhood of Coalbrookdale and Brideenorth." By Mr. George Maw. — 
The patches of drift occurring in the Valley of the Severn from about four 
miles below Bridgenorth up to Shrewsbury, including a north and south 
range of about twenty miles, have been carefully examined by the author, 
and were described in detail in this paper. Commencing with Strethill, a 
hill close to the entrance of Coalbrookdale, the author described the 
several beds which make up the drift-deposits of which it is composed, 
and gave a list of the rocks which he had found in them. In the same 
manner he described in succession the neighbouring districts in which the 
drift-deposits are exhibited, and gave a list of the fossils which had been 
found in the beds at the different localities. In conclusion, Mr. Maw put 
forward some hypotheses as to the period when the degradation of the 
older formations (the materials of which compose the Drift) took place, the 
manner in which the Drift was deposited, the extent of the submergence 
of England and Wales during the period of its deposition, and the mflu- 
ence of glaciers and glacier-action in its production. 

Iebruarv3.—1. " On the Permian Eocks of the North- West of England, 
and their Extension into Scotland." By Sir E. I. Murchison and Prof. 
Harkness. — In this paper the authors propounded a new view of the compo- 
sition of the Permian Groupin the north-west of England ; by rearrangement 
of the rocks involved in this change in classification, they were enabled to 
place the Permian strata of Great Britain in direct correlation with those of 
the Continent. This new feature in British classification is the assign- 

TOL. VII. T 
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ment of a large amount of Bed 8and8tone*in the north-westem connties to 
the Permian period, and its removal irom the New Bed Sandstone, or 
Trias formation, to which it has hitherto been assigned in all geologieal 
maps. The authors showed that these Eed Sandstones are closely and 
conformably united with the Magnesian Limestone or its equivalent, and 
form the natural upper limit of the PalsBOzoic deposits. They thus a£Srmed 
that a tripartite arrangement of the Permian rocks holds good in West- 
moreland, Cnmberlano, and Lancashire, and that the three subdivisions are 
correlative with those formerly shown by Sir B. I. Murchison to exist in 
the Permian deposits of Germany and Kussia ; thus proving the inappli- 
cability of the term Dyas to this group of rocks. 

The difference, in lithological details, of the Permian rocks of the north- 
west of England from those on the opposite flank of the Pennine chain, 
was next adverted to ; and it was observed that, with so vast a dissimilarity 
in their lithological development in England, we need not be surprised at 
finding still greater diversities in Germany and Kussia. 

The discovery, by Professor Harkness, in the central member of this 
siliceous group in Westmoreland, of numerous fossil plants identical with 
the species of the Kupfer Schiefer in Germany, and in the Marl-slate of 
the Magnesian Limestone of Durham, was given as a strong proof of the 
correctness of the author's conclusions. 

The comparative scarcity of igneous rocks, and the evidence of powerful 
chemical action in the Permian strata of Britain, is contrasted with their 
abundance in deposits of that age in Germany ; but proofs are nevertheless 
brought forward to show that the haematite of Cumberland and Xjancashirei 
was formed in the early accumulation of the Permian deposits. 

In describing in detail the different members of the Permian group of 
the north-west of England, the authors define the downward and upward 
limit of the strata which have undergone dolomilization ; for whilst certain 
bands of calcareous breccia (the ** brockrum** of the natives), which occur ia 
the central portion of the series, contain much magnesia, the lower breccias, 
composed of the same mountain-limestone fragments, have no trace of it; 
nor IS it to be detected in the Upper Member, or St. Bees Sandstone. 

A large collection of rocks and fossils from Victoria, Australia, pre- 
sented to the Society by A. B. Selwyn, Esq., was exhibited. 

February 19. — Annual General Meeting. Prof. A. C. Bamsay, F.B.S., 
President, in the chair. — The Secretary read the Beports of the Council 
of the Museum and Library Committee. The increase in the numbers of 
the Society, and the slate of the Society's finances, were considered to be 
extremely satisfactory. The President announced the award of the Wol- 
laston Gold Meclal to Sir Boderick Tmpey Murchison, K.C.B., etc., for 
his many distinguished services to palsBozoic geology, especially (1) for hia 
great work entitled the * Silurian System ; * (2) for his important work 
• On the Geolo;<y of Bussia ; * and (3) for his remarkable discovery of the 
true relations of all the rocks beneath the Old Bed Sandstone that form 
the Highlands of Scotland ; and, in handing the medal to the eminent 
recipient, he took occasion to review briefly the influence of these various 
labours on the progress of geological science. Sir Boderick Murchison, 
on receiving the medal, expressed his deep sense of the honour which had 
been done him by the Society, and which was enhanced by its being com- 
municated to him through his friend and colleague Professor Bamsay. 
The President then stated that the balance of the proceeds of the Wollas- 
ton Donation Fund had been awarded to M. Deshayes, to assist him in his 
woi'k on the Mollusca of the Paris Basin, and in testimony of the high 
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esteem in which the Geological Society hold those labours, and placed it, 
together with a diploma to that effect, in the hands of the Foreign Secre- 
tary, for transmission to M. Deshayes. Dr. Falconer thanked the So» 
ciety on behalf of his distinguished fnend, and stated that he should have 
much pleasure in conveying to him this mark of the Society's approbation. 

The President then proceeded to read his Anniversary Adoress, pre- 
facing it with biographical notices of lately deceased Fellows of the Society, 
namely, Lucas Barrett, Esq., the Marquis of Lansdowne, John Taj'lor, Esq., 
Professor E. Mitscherlich, and S. P. Pratt, Esq. ; he also gave a sketch of 
tlie chief labours of the late Eev. Stephen Hislop. In the address, the Pre- 
Bident discussed the breaks in succession of the British mesozoic strata ; 
thus endeavouring to discover how far, and in wlmt manner, the same kind 
of reasoning as that employed in the last address is applicable to Secondary 
formations. First, however, he examined the numerical relations which 
different classes of animals bore to one another in palaeozoic times, com- 
paring them with their development in Secondary epochs. The general 
conclusion arrived at was, that a long interval of time, often stratigraphi- 
cally unrepresented, is an invariable accompaniment of a break in the 
succession of species ; and the more special inference was that, in cases of 
superposition, in proportion as the species are more or less continuous, — that 
is to say, as the break in life is partial or complete, first in the species, but 
more importantly in the loss of old and the appearance of new genera, so 
was the interval of time shorter or longer that elapsed between the close 
of the lower and the commencement of the upper formation. 

The ballot for the Council and officers was taken, and the foUowiug.were 
duly elected for the ensuing year : — President : W. J. Hamilton, Esq., 
F.B.S. Vice-Presidents : B.. A. C. Godwin -Austen, Esq., F.K.S.; Edward 
Meryon, M.D. ; J.Carrick Moore, Esq., F.R.S. ; Sir R. I. Murchison, 
K.C.B., F.R.S. Secretaries : P. Martin Duncan, M.B. j Warington W. 
Smvth, Esq., M.A., F.R.S. Foreign Secretary : Hugh Falconer, M.D., 
F.R.S. Treasurer : Joseph Prestwich, Esq., F.R.S. Council : John J. 
Bigsby, M.D. ; Robert Chambers, Esq., F.R.S.E. & L.S. ; P. Martin 
Duncan, M.B. ; Robert Etheridge, Esq. ; John Evans, Esa.,r.S.A.; Rev. 
Kobert Everest ; Hugh Falconer, M.D., F.R.S. ; R. A. C. Godwin- Austen, 
!Esq., F.R.S.; William John Hamilton, Esq., F.R.S. ; J. Gwyn Jeffreys, 
iEsq. ; M. Auguste Laugel; Sir Charles Lyell, F.R.S. & L.S. ; Robert 
Mallet, Esq., C.E., F.R.S.; Edward Meryon, M.D. ; John Carrick 
Moore, Esq., F.R.S.; Professor John Morris; Sir R. I. Murchison, 
K.C.B., F.R.S. ; Joseph Prestwich, Esq., F.R.S. ; Professor A. C. Ram- 
say, F.R.S. ; Warington W. Smyth, Esq., M.A., F.R.S. ; Alfred Tylor, 
Esq., F.L.S. ; Rev. Thomas Wiltshire, M.A. ; S. P. Woodward, Esq. 
■ Jbehniary 24. — 1. "On further Discoveries of Flint Implements and 
Fossil Mammalia.'' By Mr. J. Wyatt, of Bedford. 

The opening of a section at Summerhouse Hill gave the author an 
opportunity of ascertaining whether the gravels at that Lower Level ex- 
hibited any features different from those of the Upper Level at Biddenham. 
Although, as might have been expected, sume oi the species of mammals 
were found to be common to the two localities, yet that under notice fur- 
nished some species of mammals, as well as of shells, together with a few 
types of flint implements, differing from those met with at higher levels. 
Mr. Wyatt described the section at Summerhouse Hill in detail, showing 
that it tended to support Mr. Prestwich's opinions respecting the formation 
of gravel-beds ; he also described the flint implements he had recently 
found, comparing them with known specimens from the Valley of the 
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Somme and elsewhere ; and he stated that he was now enabled to add 
two new localities near Bedford — Summerhouse Hill and Honey Hill- 
to those already known as having furnished similar weapons. 

2. "On som^e Kecent Discoveries of Flint Implements in Drift Deposits 
in Hants and Wilts." By Mr. John Evans. 

Flint implements having recently been found on the seashore, aboat 
midway between Southampton and Grosport, by Mr. James Brown, of 
Salisbury, and also at Fisherton, near Salisbury, by Dr. H. P. Blackmore, 
of that place,* the author visited these locahties in company with Mr. 
Frestwicn, and gave the results of his observations in this paper. 

After describing the implements from near Southampton, and having 
shown that their condition is identical with that of the materials con^posing 
the gravel capping the adjacent cliff, Mr. Evans proceeded to review the 
evidence of the great antiquity of these remains, which rested mainlv on 
the circumstance that these gravel-beds, like those of Reculver, are of fln- 
viatile origin, although now abutting on the sea. 

In like manner the author then described the Fisherton implements, 
and the gravel-pits from which they were obtained. The relation of the 
high-level gravels (in which the implements were found) to the lower-level 
gravels of the valley of the Avon was next discussed, and the geological 
features of the former deposits particularly described, lists of the fossils 
(including mammalia and land and freshwater shells) being also given. 
Mr. Evans came to the conclusion that the fossils bore evidence of the cli- 
mate, at the time when they were deposited, having been more rigorous, at 
any rate in the winter, than it now is ; and to this cause he attributed the 
comparatively greater excavating power of the early Fostpliocene rivers. 

Makchbstee Philosophical Society. — Jaimary 12, 1864. — The Presi- 
dent, Mr. Binney, made some remarks on the Lancashire and Cheshire 
Drift. In the year 1841 he first attempted to class the drift-deposits 
found in the neighbourhood of Manchester, in a small paper with a map, 
which he prepared for the Statistical Society of Manchester. In that me- 
moir he divided the foreign drift in the ascending order : — (1) Lower sand 
and gravel ; (2) till ; (3) upper sand and gravel ; and he described the more 
modern deposits found in valleys ; (4) as valley gravel. This order he 
adopted in a paper read before the Manchester Ueological Society oh the 
22nd December, 1842, "Notes on the Lancashire and Cheshire Drift," and 
printed by that Society in their Proceedings of 1843. In that paper, in 
treating of the upper beds of sand and gravel, he sayp, ** At Manchester, it 
(the higher drift) is composed of lower gravel, till, and sand and gravel ; 
while at Heywood and Poynton, near the base of the Pennine chain, the 
beds of sand and gravel are parted by several beds of loam and clay." 
Again, in speaking of No. 3 deposit, he says, " The gently -rising lands of 
the two couQties are generally composed of this deposit. It varies much 
both in its composition and thickness. Near the sea at Ormskirk, the till 
is sometimes found without it ; but as you proceed to the east it makes its 
appearance, and gradually thickens until it attains its greatest thickness 
near the base of the Pennine chain : not only does it increase in thickness, 
but it becomes more complex, and contains beds of clay, marl, and loam of 
severalyards in thickness. The country lying between Manchester, Bolton, 
Bury, Rochdale, Ashton, and Stockport, for the most part is upon it, and 
forms one great sandbank, which continues south into Cheshire.*' The same 

* This discovery has beeu recorded already in the * Geologist,' and we trust the ac- 
knowledgment will be duly made in the Quarterly Journal of the Society. 
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classification he adopted in two papers — one on the Drift of Manchester, 
and the other on the same deposits at Blackpool — sprinted in vols. viii. and x. 
of the Society's Memoirs, as well as in a paper printed in the Manchester 
Geological Society's Transactions for June, 1862. 

Mr. Hull, in his communication, read at the last meeting of the Society, 
divided the higher drift deposits into (in descending order) : — " (1) Upper 
Boulder Clay ; (2) Middle Sand and Gravel ; and (.3) Lower Boulder Clay. 
The Nos. 2 and 3 had been described by the President as also a lower bed of 
sand and gravel, of whose existence he (Mr. Hull) had considerable doubts, 
and considered it as merely accidental." Now, in his (the President's) 
paper on the Drift of Manchester, eleven sections of wells and bores are 
given, and in ten of those the lower sand and gravel had been met with ; thus 
showing that it can scarcely be considered as merely accidental, as Mr. Hull 
states. In many other sections since examined in Lancashire, this deposit 
has also been found under the till. With regard to the upper bed of boulder 
claj, to which the President had alluded, Mr. Hull considered it to be 
quite as important as the lower, both in thickness and area. 

Ihe old term " till " is as good as that of boulder clay, and as it has been 
long used there is not much use in changing it. During the last twenty 
years he had collected many facts, which he intended to publish when he 
had completed his collection, but these did not show one bed of clav or 
marl which could be called upper boulder clay, but several ; in fact, there 
were numerous intercalations of it in the sand and gravel, one of which he 
had seen occurring at Xersall Moor, entirely surrounded by sand. To 
show the complexity of these deposits, and the difficulty of reducing them 
to two, he gave two sections, one near Hyde and the other at Out wood, 
where the following strata were met with : — 

HYDE. OUTWOOD. 

Feet in. Feet in. 

Clay 110 Bog 11 

Quicksand 2 6 Quicksand 53 3 

Strong marl 22 6 Buck leaf marl 31 2 

Quicksand 2 6 Red saud and gravel with a yard 

lioam with pebbles 12 6 of clay iu it 15 

Buck leaf marl 19 Toad-back marl 32 3 

Pry sand 9 Gravel 3 

Quicksand and loam 6 Coal-measures ■ 

Gravel 3 145 8 

Loam 7 6 

Gravel and sand 3 

Clay and loam 15 6 

Gravel and soft metal containing 

pebbles 10 

Coal-measures __ 

124 

From the position of the Outwood section in a slight depression, and the 
higher grouads adjoining being capped with a bed of clay containing peb- 
bles eight or ten feet in thickness, another deposit of clay should be placed 
on its top. Thus, in one case there are six beds of boulder clay, and in 
the other only three. These are two of the many instances which could be 
adduced, and suggest caution in attempting to classify these deposits with- 
out collecting and consulting numerous sections. 

Manchbsteb Gbological Society. — Januarif 19. — Mr. Dickinson, 
one of her Majesty's Inspectors of Mines, read a paper on " Modern and 
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Scriptural Geology.*' He had for many years endeaTonred to reeoneile 
the commonly-received geological theories with the Scriptural account of 
the creation of the world, and it was only after repeatedly returning to the 
subject that he had come to a simple view, which he beliCTed was alike in 
accordance with observed facts ana Scriptural record. He considered that 
the modem theories as to the formation of the earth involved many im- 

Srobabilities. With the exception of pumice-stone, ^hich misht be pro- 
uced by the local spontaneous combustion of some of the productions of 
the earth, occasioned by heat, friction, or chemical change, all things ap- 
peared to have originally been in a watery state. Even now rocks wen 
so moist that a current of air driven through them at once became satu- 
rated ; and the soft moist nature of rocks was further proved by the stria- 
tions which were exhibited wherever the continuity of rocks had been dis- 
located. There were no remains of surfaces like that which covered now the 
earth ; no beds of rivers ; and as to the so-called denudation, rocks thou- 
sands of feet, nay, even miles in depth, would be wanting to account foir 
the present alluvial deposit. Immense blocks of the denuded rocks would 
have remained. The pebbles and boulders were insufficient to account for 
what had disappeared ; besides, a striking relationship existed between the 
pebbles and the underlying and adjacent strata. These pebbles, he be- 
lieved, did not drift by glaciers, but were formed on the spot. The Scrip- 
tural account of the creation led him to suppose that water was the fint 
element ; that following the creation of light, which was the first day's 
work, expansion commenced ; force had thus begun, and with the light 
apparently came chemical action, electricity, magnetism, heat, motion, and 
the like. Farts aggregated and repelled, until what we call the firmament 
was made. The waters then divided, part went above, and part went be- 
low, the latter being called the earth. Scripture also told them that every 
plant of the field and herb of the earth was in the earth befpre it grew, 
and this would account for fossil remains in whatever part of the structure 
of the earth they might be found. He considered that the earth was now in 
the same state as it existed afler the dividing of the waters, and the stria- 
tions on surface-rocks were the result of ordinary friction when in a soft 
state, when the Waters divided. When the earth was (Jut into, there was 
a freshness about it which showed that it had seldom been disturbed in 
prehistoric times, and which refuted the notion that the world was any 
older than the period assigned by Scripture. The paper did not meet with 
a very flattering reception, but the author " knew of old what it was to ex* 
press sentiments that were contrary to those commonly received as the 
fashion of the day." 

Geological Society of Dublin. — Jan, 13. — Professor J. B. Jukes, 
F.li.S., in the chair. 1. " An Atteinpt to calculate the Duration of Time 
involved in Geological Epochs." By the Itev. Professor Haughton. — 
Geologists having got into the habit of speaking of long periods of time 
with extreme vagueness, he thought it a point of interest to consider how 
long animals could have existed on the globe. If we admit that the earth 
has cooled down from a gaseous condition to its present solid consistence, 
it is evident that organic beings could not have existed on the earth until 
it assumed some degree of solidity. Most geologists were acquainted with 
the ingenious proof, which we owe to Arago, that the earth has not cooled 
half a degree (Fahrenheit) since the time of Joseph. His proof is founded 
on the fact of Joseph's having received from Jacob, in the present sent to 
liim to Egypt, some fruit which still grows in Palestine, and which will 
not bear a climate differing in any way from that of Palestine at the pre- 
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•ent dAj. Henee we see that the earth is only losing heat very slowly 
now. Professor Bischoff, of Bonn, made some experiments on the rate of 
cooling of basalt, and on these Professor Helmholtz had founded a calcula- 
tion, by means of which he proved that the period which a globe of basalt 
of the size of the earth would take to cool from 2000° C. to 200° C. would 
be 360,000,000 of years. This calculation he would assume ; and, as the 
extreme limits of temperature to which his reasoning would apply, he 
would take 122° F. and 77° F. The first is the temperature at which albu- 
men coagulates, and therefore no animal could live at that temperature, as 
its blood would be coagulated. As the lower limit he would take the tem- 
perature of 77° F., which had been admitted to have been the probable 
temperature of these islands at the time of deposition of the London clay, 
Professor Heer, of Zurich, had lately expressed his opinion that the tem- 

?erature of Switzerland during the Miocene epoch was between 67° and 
2°, and that period was subsequent to the London clay. Assuming 
these limits, and the period above-named (350,000,000 years), as his data, 
he found that the earth, if it be supposed to be maae of basalt, would 
require 1,280,000,000 years to cool through the required space. This 
reasoning was based on the well-known law of cooling of a heated body ; 
and it was obvious to every one that the second period must be much 
longer than the first one, as tne hotter a body is the faster it will cool. In 
this period we have space enough for the wildest phantasies of geologists. 
Professor Haughton aid not conceive that changes of climate, produced by 
alteration in the relative positions of land and water, could account for the 
facts discovered by Sir L. M'Ciintock about the fossils of the Arctic re- 
gions, nor did he now believe that the axis of the earth h(id changed its 
position. 

2. " On the recent Discovery of Bones of the Polar Bear in Lough Gur, 
county Limerick ; with Observations on their Comparison with Bones of 
the Cave Bear, in the collection of the Earl of Inniskillen." By Dr. 
Carte. — The locality whence the specimen was derived was a very famous 
one for such remains. The lake was remarkable for being supplied from 
springs, as there was no stream flowing into it ; and as there were 
caves in the district, and throughout the w-hole country from that to Mit- 
chelstown, it might perhaps be found that the lake was the site of an old 
flat-roofed cave, and that the animals whose bones were found there, and 
which belonged to the ordinary cave species, had lived in the district. 
They could not have been brought by drift, as the country was quite free 
from that deposit. It appears that the margin of the lake is studded \^ ith 
stone circles and other structures of antiquarian interest. The bones are 
found round an island in the lake, called Ganet Island, in shallow water. 
The whole lake is shallow, and has been much reduced in depth during 
the last few years by being drained by an artificial cut. The country 
people had raised several tons of bones, and sold them as manure. They 
consisted of a very heterogeneous assemblage of animals, such as deer, 
pigs, horses, cows, dogs, goats, sheep, etc.. with stone celts, and fragments 
of human skulls ; the latter of various ages, some very recent. Two species 
of bears had been found fossil in Ireland — viz. the cave bear ( Ursus spe- 
laus) and the brown bear ( Ursun arctos), and that he believed that the 
subject of the present paper formed a third, viz. the Ursus maritimus. 

BoTAL School of Mines. — Db. Perot's Lectubes ok Chemical 
Gbolooy.— Lectubb II., December 12, 1863. — In the first lecture, the 
subject of silicon, one of the chief components of the solid crust of the 
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eartli, was considered. This silicon has only of late been carefully studied. 
It is certainly one of the most remarkable and important elements which 
we possess. It occurs, as will be remembered, m three distinct forms ; 
the pulverulent state, or amorphous condition of silicon, which is ex- 
tremely divided, and perfectly non-crystaUine. It is in the form of a 
chocolate-brown powder, and it is indeed only recently that we have seen 
silicon in the crystallized state. We have it next in the graphitoidal 
state, or state resembling graphite. It occurs in the production of alu- 
minium, or, at all events, it was first discovered in the making of aluminium 
by a particular process. It appears in the form of six-sided prisma, having 
a more or less metallic lustre and a dark bluish- black colour. Then we 
have what is termed the octahedral form of silicon. In many characteristics 
it is very similar to the graphitoidal. In colour, for examole, one can hardly 
distinguish between the two. It crystallizes in the regular cubical system 
to which the regular octahedral belongs, ^^ow, it is a carious thing that 
there is a remarkable analogy between silicon and carbon. Every chemist 
knows that there are very small chemical relations existing between the 
two ; but with regard to the particular states in which the elements occur, 
we find an analogy obtaining. Thus, we have common charcoal, which is 
the amorphous or non-crystalline form of carbon; we have the amorphous 
or non- crystalline form of silicon ; we have the graphitic form of carbon, 
exactly corresponding to the so-called graphitoidal form of silicon ; lastly, 
we have the diamono, which is the crystalline form of carbon, and corre- 
sponds exactly to the octahedral form of silicon. In fact, silicon in this 
state has been called the silicon diamond. 

How this silicon can be obtained belongs rather to purely chemical in- 
vestigation. There is a compound, well known to chemists, called silico- 
fluoride of potassium or sodium. The transparent, colourless gas, consisting 
of fluorine and silicon, combines with potassium or sodium, forming a defi- 
nite white salt — silico-fluoride of potassium or sodium. If we bring in 
contact with that salt some sodium or potassium, and also add a little 
common zinc, and heat the mixture, silicon is separated — displaced fipom 
its combination with fluorine by the sodium, and is immediately caught by 
the metallic zinc. The temperature should be such as to keep the zinc in 
a molten state. The silicon so separated dissolves in this molten zinc, 
and, on solidification, it separates more or less completely from the metalUe 
mass in a definite, beautiful, distinct crystalline form, the silicon being 
dissolved through the mass of zinc. Common hydrochloric acid dissolves 
the zinc and leaves the silicon unacted upon. In this way these ciystab 
can be obtained. Notwithstanding the powerful aflSnity of silicon for 
oxygen, and the great exercise of force which it requires to separate the 
oxygen from the silicon in the state in which they are combined in silica, 
yet, when the silicon is separated, it is astonishing how remarkably stable 
it is. It may be exposed to the air for an indefinite time without under- 
going the least change. You may heat it, indeed, to a very high tempe- 
rature, even with access of air, yet it shall not be oxidized. You may 
expose it to the action of various strong chemical reagents, and yet it 
shall undergo no change. It is extremely remarkable that a body which 
possesses such a strong affinity for oxygen, and requires the exercise of so 
much force to separate it from oxygen, should be so stable when separated 
as we find it to be. Exposed to a nigh temperature it fuses. A specimen 
of fused silicon was exhibited, furnished by Mr. Matthey, of Hatton 
Garden. This silicon is now playing a very important part in certain 
metallurgical operations. For instance, in the smelting of iron we find 
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pifj-iron produced in various furnaces containing a considerable portion of 
■iiicon, sometimes even as much as eight per cent., and frequently three 
or four per cent. The presence of it in iron modifies the properties of 
the latter considerably. It combines readily enough with copper. If we 
take a little copper or iron in a more or less divided state, say in the form 
of filings, and mix these filings with common sand (a compound of silicon 
and oxygen), and add an excess of charcoal, making a mixture of the 
three, and let the amount of charcoal and sand be such that, when we ex- 
pose the mixture in a crucible to a high temperature sufficient to melt the 
copper or the iron, as the case may be, there should be sufficient of this 
mixture to retain the metal diffused through the mass, and then expose 
the mixture to a high temperature for a few hours — all the silica, under 
the conjoined, influence of the carbon and the metal, is decomposed, the 
carbon laying hold of the oxygen, and escaping in the form of carbonic 
oxide, while the silicon is set free, combining with the metal. Common 
copper treated in this way — heated with sand and charcoal for a long 
time — ^undergoes a great change in its external appearance. It has no 
longer the red colour of copper, but has the appearance of bronze, which 
is a mixture of copper and tin. It is so like the bronze of which our guns 
are composed, that an inexperienced eye would not distinguish the one 
from the other when they are side by side. It is a very valuable alloy, so 
that you see that silicon may play a very important part even in the 
common arts of this country. To give another illustration of the fusion 
of silica. Platinum is a metal which requires a very high heat for its fu- 
sion. If we heat silicon in contact with platinum at a high temperature, 
no change wiQ take place ; but add a bit of charcoal, and repeat the expe- 
riment. The silica instantly becomes reduced under these conditions, and 
the silicon set free combines with the platinum, forming a very fusible 
compound. 

Tne lecturer added a few more words concerning the proofs — the mine- 
ralogical or geological proofs — relating to the aqueous origin of crystallized 
silica, and tney are very conclusive. Let us look at our mineralogical 
cabinets, and examine the specimens of quartz which we find therein. One 
was exhibited, a very small one, whicn, when examined minutely, was 
found to surround a mineral called haematite, consisting of peroxide of 
iron and water — a mineral which loses its water at a very low temperature. 
There it was, embedded in the quartz, clearly showing that the quartz 
never could have been exposed to a high temperature. Here is another 
mineral, carbonate of iron, embedded in the quartz, and the existence of 
this and the peroxide clearly shows that that quartz never could have been 
exposed to a high temperature, and supports the conclusion at which we 
have arrived touching its aqueous origin. Then we find incrustations 
which lead to the same conclusion. 

With regard to amorphous silica, there is no doubt whatever about its 
aqueous origin. We can trace its origin in the clearest and most distinct 
way. In Iceland, for example, it is abundantly produced in the geysers. 
Here is a specimen which has been obtained nrom that source. Then, 
again, here is a specimen of granite from Iceland, on which is deposited a 
thin film of silica, having a pearly lustre. There is no one who will ven- 
.ture to say that that could have been thrown down on to the granite 
except by the agency of water. The specimens are very small in them- 
selves, but, nevertheless, they speak very eloquentl;^ of the origin of silica, 
and tell an important tale, small as they are. Here is a very characteristic 
specimen showing the occurrence of crystalline quartz in two states on the 

VOL. VII. u 
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▼ery same portion of this mineral. One is the ehaloedonio, or apparently 
non-crystalline. The lecturer nsed the word apparentfy, because the snh* 
stance has been fonnd to be composed of minute oryatals. Close in oon- 
tact with this is the other state, which is more or less non-crystalline; and 
then occurs a sort of granite deposit, which, seen under a magnifying glass 
of high power, is seen to consist of distinctly crystalline ^aarte. Amor- 
phous silica exists in the shells of liWng infusoria ; and it is fonnd also ia 
a siliceous concretion met with in the joints of the bamboo, known ss 
tabasheer ; it occurs also in petrified wood. 

The lecturer next took up the subject of flint — ^a subject which has re- 
cently given rise to so much discussion. All were acquainted with the 
discovery of those wonderful nodules of flint in chalk, the formation of 
which is involved in doubt, notwithstanding that they are asaociated witii 
the presence of spoDge, and so on. There are, however, chemical difficul- 
ties which arise, and which will require much time to solve completely. 
When we take one of these dark flints, and expose it gradually to a tem- 
perature which we bring at last to a bright redness, it becomes very tender 
and fragile, and it would become especiaJly fragile and perfectly opaque if 
heat were rapidly applied. It is in this way that the flints prepared for 
the use of potters are rendered fragile in the first instance, pr^>aratory to 
grinding. Now when we examine specimens of flints we are firequentiy 
struck with an opaque white outer film, where the flint has lain in contact 
with chalk. This film or rind, if I may so call it, extends to a considerable 
depth. Well, what is it ? Is there any chemic^d difference between this 
white rind and the inner dark portion of unchanged flint? This is a ques- 
tion which we have examined with some care, and by ihe aid of the most 
careful chemical analysis we are unable to detect any sensible difference 
between the two. llie only conclusion therefore is, that the difference of 
appearance is owing to some molecular change ; but how it is excited the 
lecturer was not prepared to say — whether by the slow operation of time, 
or whether, perhaps, by simple vibrations. It has often struck me, with 
regard to the flints which I have seen on the seashore, which have pre- 
sented a white appearance, that possibly that appearance may have been 
caused by some operation of that kind ; but upon that point he spoke with 
the greatest possible reserve. It is of very great importance to know 
exactly the effect of weathering upon the surface of flints, especially with 
regard to the great question now agitating the public mina concerning 
primeval man. Here is one of those wonderful things hewn out of flint 
by our rude forefathers, for the loan of which he was indebted to his friend 
Dr. Falconer. It presents a fracture at one end, which is very different 
from the contiguous portion ; but at another portion there was observed 
to be the characteristic dark appearance of these ordinary flints. He had 
been examining this specimen, and upon the whole he thought it must 
have been long exposed, subject to some condition by which the surface 
has been changed. Then comes the question, whether it is possible to 
imitate these signs of age upon counterfeits of ancient flint implements. 
He thought a few experiments would very soon settle the point whether 
it is possible to give a surface very much resembling that which we find in 
these old weapons, by some chemical means. 

With regard to the permeability of these flints by liquids, it is astonish- 
ing how pervious they are. If we immerse flint in sulphate of indigo and 
water, and keep it tnere some weeks, the indigo will penetrate to some 
depth. 

It has been alleged, and it is a point of some importance, that silica may 
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be volatilized, especially by the agency of steam. Every chemist knows 
ihsA boracio acid, which is a fixed body, may, by the agency of steam, be 
vaporized to a considerable extent. A case of the volatilization of flint 
was recorded some years ago by Mr. Julias Jeffreys. It occurred in a 
potter's kiln in India. His statements have been repeated by many jour- 
nalists, both British and foreign. It is important that we should examine 
the ground upon which he arnved at his conclusion. He allowed a large 
quantity of steam to pass through a potter's kiln, of which the tempera- 
ture more than sufficed to melt pig-iron, and he afterwards observed round 
the opening of the kiln from vrhich the steam escaped, several pounds of 
silica deposited in the form of snow. In commenting upon this statement, 
Berzelius, who accepted it, adduces as a parallel case the well-known vola« 
tility of boracic acid under the same conditions, and the fact observed by 
Gaudin oonceraing the volatilization of silica when melted before the 
pxy-hydrogen blowpipe. Now, the lecturer had examined all the original 
statements concernmg this allegation, and he must say that the conclusion 
to which he had arrived is, that it is altogether unsatisfactory. There is 
no proof whatever, or, at all events, there is none advanced, that the de- 
posit was silica at all. 'No analysis was made, and no man is justified, 
without the evidence furnished by analysis, in pronouncing definitely upon 
a point of this kind. Secondly, admitting that the substance called silica 
was really silica, there is no evidence to show that it was volatilized in the 
way described. We perfectly well know that in metallurgical operations 
a very large amount of finely-divided matter may be carried to a very 
lon^ distance mechanically by gases or vapours floating over it. Yolatili- 
lEation is something different from the mechanical removal of the particles 
of a substance. 

The subject next taken up was one of great interest — aluminium. This 
aluminium plays a most important part in this world, so far as the forma- 
'tion of the crust of the earth is concerned. It is one of the chief consti- 
tuents of, and forms an essential part of, all clay. It exists almost every- 
where in a greater or less proportion. It is undoubtedly one of the most 
IbeautiJul elements of which this world is formed, or the external part of 
it rather. 

Aluminium has of late excited a great deal of attention. Formerly it 
was known only very imperfectly, a few grains only having been obtained. 
now it is produced by the hundredweight. The metal has a bluish-grey 
colour, — mtermediate between tin and zinc in point of colour, being not 
:S0 white as tin, and less blue than zinc. It is bv far the lightest of aU 
metals now used in the arts, its specific gravity oeing in round numbers 
2'5 ; that is to say, whatever measure of water weighs 1, the same measure 
pf aluminium will weigh 2*5. 

Aluminium has a most powerful affinity for oxygen. When combined 
with that element, it constitutes the well-known base alumina. Like sili- 
con, although it has this strong affinity for oxygen, yet when we succeed 
in detaching it from oxygen, and obtaining it in a compact, solid form, it 
is remarkably stable, and might be exposed indefinitely to the air without 
undergoing oxidation to any extent. When melted, it oxidizes on the 
surface and forms alumina. This acts as a coating, and protects the sub- 
jacent molten metal from further oxidation. 

Aluminium is obtained from a salt termed chloride of aluminium. If 
we take alumina, which is aluminium and oxygen, and heat it with charcoal 
even to a high temperature, we cannot, so lar as we know, succeed in 
i^Jiminatiiig the oxygen and detaching the aluminium ; but if we ipake the 
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salt called chloride of aluminium, then we can, by means of a metal having 
a powerful affinity for the chlorine, succeed in separating the aluminiam 
completely. The first process was to take aluminium and mix that with 
charcoal, and then to make the mixture into small pellets. Now, charcoal 
at a high temperature has an affinity for oxygen ; and if we expose that 
mixture of alumina and charcoal at a certain degree of heat to the action 
of chlorine, we then get chloride of aluminium. We have then two 
affinities coming into play — the affinity of the oxygen for the carbon, and 
of the chlorine for the aluminium, and by means of this twofold force we 
form this body, having a yellow colour, called chloride of aluminium. 
We then place that chloride of aluminium in a glass yeaseJ, which was 
the way it was formerly prepared, and expel the air by means of a hydro- 
gen gas, and then introduce the vapour of sodium by a new application of 
heat to the exterior, in contact with the vapour of the chloride of alu- 
minium. The result is the formation of chloride of sodium or common 
salt, and the separation of the metal. There is one other source of alumi- 
nium from a curious mineral called cryolite — one of the highest possible 
interest. Here is a specimen from Greenland. This consists of the ele- 
ments fluorine, aluminium, and sodium. Well, to any mineralogist and 
chemist who reflected upon its composition, it would naturally occur that, 
if we could bring that substance into contact with sodium at a high tempe- 
rature, we should produce aluminium. The thought occurred here some 
time ago, and the very first specimen produced was produced in this place. 
That specimen was shown some time ago at the Koyal Institution. 

Alumina is a compound of oxygen and aluminium. It contains, in round 
numbers, 63*3 per cent, of aluminium, and, consequently, 46"7 per cent, of 
oxygen, and its chemical symbol is AI3O3. When dry, it forms a white, 
tasteless powder, insipid and insoluble. This powder is fusible only at 
the very highest temperatures we can command ; in fact, it is singularly 
infusible. In that state it is entirely amorphous. It has the property of 
combining with water in several proportions, producing a plastic clay-like 
mass. Compounds of this kind occur in nature. One hydrate — that is to 
say, one water-compound of alumina — occurs beautinilly crystallized. 
That is the well-known diaspore. Then we have a non-cnrstalliue variety 
in the form of Gibbsite. This diaspore is a compound of one equivalent 
of alumina and one of water. Gibbsite, of which you have a specimen 
before you, is a white, amorphous, or non-crystalline body, and is a com- 
pound of one equivalent of alumina and three of water. Alumina crys- 
tallizes magnificently, producing that glorious mineral (excuse the emphatic 
expression) called corundum, which, when blue, is known to you as sap- 
phire, when red as ruby, when yellow as oriental topaz, and when green 
as emerald. We have here a specimen of conmdum which is coloured, 
forming these various minerals respectively. We shaU speak of the mode 
of formation presently. 

Alumina acts in the twofold capacity of base and acid — that is to say, 
it unites with acids forming definite salts, and it also acts as an acid 
forming definite salts. It appears as common alum in the first of these 
states. If we take the well-known base magnesia, or lime, or oxide of 
zinc, and mix them with alumina in certain proportions, we get the 
minerals called spinels, the alumina acting as silica would under corre? 
sponding circumstances. 

There are various salts of alumina in nature. One of these is waveUitc, 
or phosphate of alumina. Alumina may be precipitated easily by taking 
a soluble salt of alumina, dissolving it in water, and adding a little 
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ammonia to it ; it then forms a dense white precipitate. In that state it 
is combined with water. It is perfectly soluble m caustic potash, which 
combines with it, and forms a clear solution. 

• As far as we know at present, it does not appear that the process of 
dialysis can have played a very important part with regard to the forma- 
tion of alumina in nature, or rather in the separation of alumina. Pro- 
fessor Graham has spoken of the dialysis of certain salts of alumina. For 
instance, one of these is basic acetate of alumina, which may be decom- 
posed by dialysis. The chloride of aluminium is another. There is, how- 
ever, a salt which he has not examined at present ; that is the sulphate, 
and that is the most likely of all to occur in nature. Therefore, for the 
present, we have no reason to suppose, from the experiments reported, 
that this process has any applicability to the formation of alumma in 
nature. 

Now, let us look at crystalline alumina. This is a subject which has a 
bearing upon geological phenomena. A minute crystal found in a rock 
fihall be a clear exponent of the formation of that rock. However small 
it may be, it shall tell a most eloquent and indisputable story with refer- 
ence to its origin. He thought that what he said was not overstated with 
regard to the formation of some of the mineral constituents, though 
occurring in small quantity in some of our so-called *' igneous " rocks. 

The late distinguished, most excellent Professor Ebelmen made nume^ 
rous experiments upon the subject of artificially-crystallized alumina. 
He exhibited specimens received from him years ago. They are exceed- 
ingly small, but remarkably characteristic. Here are some small scales of 
alumina crystallized by the operation of fire. The process consists of 
heating alumina, mixed with about three or four times its weight of borax, 
in a small platinum crucible, under certain precautions, in a porcelain 
furnace — a porcelain furnace where we obtain hard porcelain, and not the 
so-called porcelain which we make in this country, and which is made at 
a low temperature. It must be the true China porcelain furnace, such as 
was in operation at Sevres, where he experimented. He exposed the 
borax and alumina at a high temperature in this furnace. The borax dis- 
solved the alumina, and after a time off* went the boracic acid and the 
sodium. The crystallized alumina remained at last in brilliant colourless 
scales. This is exceedingly similar to what is obtained at ordinary tempe- 
ratures with liquid solvents. It is only just to the memory of poor old 
Berthier, who died not long ago, to state that the lecturer found, in looking 
over his papers, that he really was the first man to adopt this mode of 
forming mineral substances, and obtaining them in a crystallized state. 
He did not use borax, but he used an equivalent, namely, common salt. 
He formed crystallized silicate of lime and magnesia by exposing them 
with salt on precisely the same principle as when borax is used. We are 
indebted to Deville for that which is now the commonest process, and it is 
a very beautiful one. The operation is performed in a common crucible. 
He lines that with charcoal, which is a common process, — what we call 
brasquing, — thus making an inner lining of charcoal all the way ; then 
above he puts a little capsule or cupel, made of charcoal, — a little cup- 
shaped piece of charcoal ; he then covers the whole with a charcoal top, 
and afterwards places on the cover, and lutes it down. 

In the lower part of the crucible he puts fluoride of aluminium; in 
the upper part he puts fused boracic acid. He exposes the whole to a 
high temperature, and the two bodies vaporize. The two vapours come 
into contact, and they actually decompose each other; and the result 
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18, that the fluorine goei away from the aJuminium, and combmea wiik 
the boron contained in the boracic acid, and then escapes as fluoride 
of boron, and the oxygen of the boracic acid unites with, the aluminium,, 
and forms the beautifull^-cryBtallized substance corundum. Here, then, 
we can make sapphire m this way most beautifully. At present our 
artificers have not directed much attention to it, but there is no reason 
why, if we carried out this branch of inyestigation, many of our gems 
might not be produced in this way. 

These crystals are generally rhombohedral, terminated bj tbe &oe8 of 
the regular hexagonal prism, and according to Deville, tiiey possess all 
the optical and crystallographical properties of natural corundum. Wdl« 
then, by just varying this process, we get the true oriental mby — not the 
less valuable kind called spinel, but the true characteristic ruby — simpJy 
by adding a little fluoride of chromium. The process must be conducted 
in an alumina crucible, — the boracic acid must be placed in a platinum 
cupel. Sapphire is produceil in exactly the same manner, and uie same 
colouring agent, namely, fluoride of chromium, is made use of. The rea- 
son of this is very obscure. Side by side we may get some of the crystids 
coloured blue, and some coloured red. The (uflerence ia possibly due 
to a diflerence in the oxidation of the chromium, but that ia a point not 
as yet clearly revealed by analysis. It is a very peculiar thing. The same 
thing occurs in certain experiments with glass. We know nothing by 
analysis of the colouring-matter of the sapphire. Whatever it is, u 
has escaped detection by analysis. Here, by means of the same colour- 
ing agents, and under the same conditions, or apparently under the same 
conditions, we produce 8ap{>hire and ruby. Sometimea we find this 
corundum passing into sapphire, being blue in one part ; and jewellers, in 
setting such things, try with great skOl to make it appear that the colou^ 
less corundum is coloured, and they set it in such a way that the whole 
shall appear blue. By increasing the proportions of the chromium salt, 
Deville obtains a fine, rich, emerald green — an oriental emerald-green co- 
nmdum. This is simply by increasing the quantity of the chromium. 
Now, it is very peculiar that we can thus succeed in producing artificially 
one of the finest minerals, except the diamond. The diamond will come 
ultimately, no doubt. 

Now, there is another process contrived by Debrav, which appears to 
answer perfectly well. This consists of calcining phosphate of alumini 
with three or four times its weight of sulphate of soda or potash. He 
gets, then, tribasic alkaline phosphate and crystallized alumina. 

Alumina may be melted by oxygen and the flame of a spirit-lamp into 
glass-like beaas, which are stated to be always more or less crystallme on 
cooling. Gaudin, especially, is the man wha, many years ago, experi- 
mented upon this subject. The smallest globules show crystalline faces, 
and they are said to be so hard that their edges will cut glass. Sapphire, 
whether natural or artificial, is the hardest mineral known except the 
diamond. Alumina, when melted in the way spoken of, is said to be very 
liquid. Hy the addition of a very little cliromate of potash during fusion, 
. Gaudin obtained a more or less deeply-coloured red product, similar in 
. colour to the natural ruby. It is reported to be more or less crystalline, 
and to possess extreme hardness. 

Now, how does corundum occur in nature P It is interesting to ascer- 

. tain this point. It occurs frequently in limestone, forming the so-called 

stratified granite in Newton, in New Jersey, and in New York. It 

occurs in layers with marble, in the gneiss of the Isle of Naxos, and also 
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shmlariy in the Isle of Lemnos, and at Magnesia, in Asia Minor. It is 
there associated with magnetic iron or crystallized magnetite. It occurs 
along with diaspore in the dolomite of St. Gothard. It occurs near 
£phesu8, and also in the Isle of Naxos, in the same way. Here a^e fire 
specimens of corundum in its opaque, common form. In its finely-divided 
state it is commonly known as emery, which is nothing more than the (Com- 
mon form of the true sapphire. Some of the analyses of this substance 
g^ye water as an essential constitueut, but the sapphire and the ruby are 
nothing more than crystallized alumina without water. But there are 
analyses of some two or three specimens of corundum in which we find 
water given as a constituent. An analysis of corundum from Asia Minor 
l^ves 3*7 per cent, of wateri and an analysis of corundum from India 
^ves 3*1 per cent, of water. In these cases, probably, they contained 
diaspore associated with them. There is a difficulty in many of these 
analyses, and we cannot extract rational formulae of the results obtained 
by approximate analysis, because these crystals have the power of enclosing 
within their mass a very large amount of matter which in no way enters 
into the chemical composition of the mineral itself. It is there as so much 
foreign matter entangled in the crystal, and yet the crystal shall have a 
definite form, and so forth. There is a portion of matter which we must 
not take cognizance of, but we have no means of separating it mechani- 
cally from the mass. It all comes into our results, as we have no way of 
separating this dirt, as metallurgists call it. 

!Now for some examples of the so-called aluminates. There is a form of 
ruby which is an aluminate of magnesia. It is coloured a fine rich 
colour, apparently vrith chromate of potash ; but of course it is not equal 
to the oriental ruby. It consists of one equivalent of magnesia and one 
of alumina. Its formula is, MgOAl^Og, so that you see that the alumina 
(contains three times as much oxygen as the magnesia. It may be obtained 
beautifully crystallized, and was so obtained by Ebelmen. It is made 
simply by heating magnesia and alumina with fused boracic acid, with 
the addition of a little chromate of potash. The experiment was made 
in exactly the same way as that with reference to the crystallized alumina 
preparecf in the porcelain furnace at Sevres, near Paris, already spoken 
of. Ebelmen obtained in this way distinct crystals of aluminate of mag- 
nesia, having a fine ruby-red colour. They are exceedingly small, but 
they are, nevertheless, instructive, small though they be. Then, by 
adding a little cobalt, he obtained crystals of the same form, having the 
characteristic and beautifdl blue colour of the natural mineral. 
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Typical Mammalia in British Museum. — Dear Sir, — Allow me to 
point out to you an omission in your list of figured specimens of fossil 
mammalia in the British Museum ('Geologist,' March, 1864). I have 
lately described and figured, under the name of H.y<Bna antiqua (Annals 
and Mag. of Nat. History, January), a molar tooth from the Ited Crag of 
^Suffolk, which is now in the national collection. As this announcement 
may stimulate others to search in the same direction, I trust you will in- 
sert it in your journal. — Truly yours, E. Bay Lankbsteb. 

8, Samlfi Sow^ W. 
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Fabbikodon Gbayels. — Sir, — In his paper on the Farringdon Sponee- 
gravel, in the January number of the ' Ueologist,' Mr. Meyer says that 
'* it is no new idea to compare the Farringdon deposits to the sands aad 
gravel of Devizes " (Lower Greensand). I have always thought that 
nearly all geologists classed the Farringdon beds with that formation. Mr. 
Hull has mapped and described them as such'in sheet 13 of the Geological 
Survev Map, and at pa^e 13 of the Memoir, illustrating that sheet with 
regard to the order of the beds, Mr. Hull says, " The beds at FarringdoE 
are divisible into two groups ; the lower being the fossiliferous gravel and 
conglomerate, the upper, clays and sands, with iron-bands,'* which agrees 
with Mr. Meyer's conclusion, that the Sponge-gravel is the oldest of these 
deposits. I am yours, etc., W. W. 

Ebbata — Mr. Whittakbb's Lbctubb. — Page 58, line 8, after " until " 
insert ** in ; " page 58, line 9 from bottom, after " altogether " insert " of;" 
page 58, line 5, for " supposed " read " supposes ; " page 59, line 16, after 
" Cray " insert " the ; " page 59, line 34, before " London " insert " the ; " 
page 60, line 3, for " abundance Cyrena, Cerithium, and Melania " read 
" abundance (Cyrena, Cerithium, and Melania) ; " page 61, line 13, erase 
the bracket after " common," and insert it after " rays " in the folloiring 
line. 

Cause of the Geysebs. — ^In Mr. Eeed's paper " On a New Theory 
of the Generation of Steam," before the Liverpool Philosophical Society 
(1862-3), he gives the following summary of the principles laid down by 
Mr. Williams, the originator of the theory : — 

" 1st. Water, or its atoms, .can neither be heated nor expanded and still retain the 
character of liquidity. 

" 2nd. The prevailing theories as regards ebullition are altogether erroneous. 

'* 3rd. The so-called boiling-pointy as regards temperature, is merely that point ai 
which the water is charged with vapour to saturation, under the true Daltonian theory, 
the water acting the part of a mere vacuum or medium, 

" 4th. We have strong grounds for believing that there is no difference between the 
cause which produces divergence and mutual repulsion among the atoms of a liquid on 
becoming vapour, and that which produces a similar divergence and repulsion in the pith- 
balls or gold leaves of the electroscope. 

" 5th. If there be such a thing as Thermo- Electricity, we are warranted in concluding 
that it acts in the same way, and on a similar principle, on atoms of a liquid as on those 
of other bodies. 

" 6th. We have rational grounds for believing that explosions in steam-boilers are 
frequently the result of the accumulated steam (present in the body of the water) being 
suddenly released by the removal of the pressure from the denser medium of the water 
into the lighter jone of the air. 

" 7th. Watt's theory of steam being condensed, and reconverted into the liquid state, 
by the direct action of cold water, is altogether erroneous. 

" 8th. Vapour or steam cannot give out its heat to water, and is but mixed, mechani- 
cally, with it, on the true Daltonian theory." 

He next applies the theory to the explanation of the Iceland Geysers : — 

" They may be," he says, " briefly said to consist of more or less violent discharges of 
steam and what is called boiling water from subterranean sources, each through an up- 
right tube, which opens out above into a capacious basin. In accounting for these hot 
springs, the existence of subterranean heat is, of course, always assumed ; but opinion 
has been greatly divided as to the modus operandi of its application. One class of writers, 
of whom Sir George Mackenzie may be taken as the representative, considers that sudden 
evolutions of heat occur ; that these have the effect of generating volumes of steam, 
which accumulate in cavities with sufficient pressure to sustain the column of water in 
the Geyser tube ; and that further sudden accessions of heat and steam prodjice vertical 
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oscillations in this column of water, during which the steam finds opportunity to escape, 
and carries up with it a great part of the water. Another class of writers have adopted 
a theory put forward by Bunsen, in which the Geyser tube aloue^ without a subterranean 
eavem, is supposed to contain water, heat being applied to the tube itself, and the relief 
of pressure which results from the elevation of the upper portion of the water playing an 
important part in the operation. In this case, however, as in the former, the notion of 
steam being suddenly generated is preserved, heated rocks being supposed to furnish the 
ueeessary supply of local heat. 

" Now, Mr. Williams's theory most amply and beautifully accounts for all the pheno- 
mena of these Geysers, without assuming the existence either of intense local heat or of 
sudden evolutions of heat. Simply assuming the existence of a subterranean heat of 
some kind — and all now admit the existence of that — also the presence of water in iand 
below the tube, and, in his view, the generation and accumulation of steam must take 
place. As the quantity of this steam goes on increasing, the moment will arrive when 
the saturation of the water will have taken place, and after that a more or less violent 
discharge of steam must follow. It seems reasonable to suppose that the Geyser tube is 
not an isolated reservoir, and that it opens into wells or springs below of greater or less 
extent ; and in this way the enormous amount of the discharges that issue from these 
Geysers may be accounted for, whereas the tube alone seems of wholly insufficient capa- 
city to supply them. 

" I would now ask you to observe the apparatus which we have here, and which Mr. 
'Williams himself constructed. It consists simply of a tube opening into a vessel of water 
below, and a basin above, the tube and lower vessel being filled with water which rises 
up and partly fills the basin. Heat is now applied below ; steam is, as we think, accu- 
mulating in the water ; now you hear explosive sounds and observe commotion in the 
fluid ; and now a violent and copious discharge of steam and water-bursts. Geyser-like, 
from the basin. The action now subsides ; the water returns from the basin down the 
tube to the reservoir below ; and presently all these phenomena will repeat themselves, 
just as they do in nature. The Geyser, then, like the miniature working model before 
U8, consists of a large reservoir below, a single tube or orifice of exit, and a basin above, 
which receives a large portion of the ejected water, to be returned to the reservoir below. 
This reservoir being necessarily full of water, the steam generated must remain and ac- 
cumulate in it until the point of saturation has been reached, which will depend on the 
height of the column of water in the vertical tube of exit, the temperature in the reser- 
voir corresponding with that elevation. In the miniature, that temperature is found to 
be 215° when the discharge takes place. In the Geyser, this must be considerably higher, 
the tube of exit being there 47 feet. We thus see that the Geyser and its miniature 
correspond in action and result.*' 

Shell-Mounds. — Dr. CoUingwood, in the Procfiedings of the Liverpool 
Philosophical Society (1863), says, " My friend Mr. 1. Byerley, of Sea- 
combe, has met with remains on the shores of the Mersey, which appear 
to resemble the deposits known as kitchen middens. He informs me *that 
strata of shells exist at Wallasey, and in the sand-hills along the shore, be- 
tween Leasowe and Hoylake, which seem to resemble, on a small scale, 
the collections noticed by Mr. Lubbock, imder the name of * shell mounds * 
in Scotland, and of *■ Kjokkenmoddings ' in Denmark. On going down the 
hill, just before entering Wallasey village, there is a bank, which may be 
twenty feet or more high, on the right-hand side ; two-thirds of its height 
is composed of sandstone, above which is a covering of earth from four to 
six feet in thickness ; between the latter and the sandstone, a stratum of 
mussel-shells, about eight inches thick, may be seen. The shells are partly 
whole and partly broken ; all, of course, are free from epidermis, but the 
striated colouring is as distinct as in recent specimens of the sjjecies. 
Having, however, lost much of their animal element, they are more friable ; 
and on being placed in water for the purpose of cleansing them, the outer 
layer of shell-structure readily separates from the nacreous interior. This 
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stratum appears to have no other species of sea-shell intermingled ; the 
terminal wnorl and apex of a uniiralye, however, was just pereeptible, 
which, on careful removal from the ma^z, proved to be Selix aspena. 
This bed is about a mile from the present sea-shore.' 

" The same gentleman has also observed either one or two strata of 
shells in the sand-hills, on the shore between Leasowe and Hoylake. Not 
having visited the spot for some years, however, he can only report from 
memory that they are composed exclusively of cockle-shells. It is worthy 
of remark that these beds are situated very close to the place where this 
Anglo-Saxon antiquities were found at the Great Meols. 

" May we not infer that these shell-strata are composed of the castawaj 
refuse of mollusks, which had been consumed as food by our prehistone 
ancestors P*'* 

Mammalian Kemains. — Dr. Collingwood, in the course of his paper 
** On the Ancient Fauna of Lancashire and Cheshire,**t records the follow- 
ing: — Hippopotamus: " of which a complete skull is figured in Leigh's 'Na- 
tural History of Lancashire * (1705), dug up under a moss ** (tab. vi. fig. 4J). 
Megaceros : " antlers, in marl or gravel, beneath peat," in Lancashire. 
Bos primigenius : from " submarine forest." Cetacean: rib of, from exca^ 
vations at Wallasey Pool ; and humerus of a whale, from peat of submarine 
forest, opposite Leasowe Castle. Cervu^ elaphiM : Pennant says that horns, 
" evidently of the stag kind, but much stronger, thicker, heavier, aiid 
furnished with fewer antlers than those of the present race, have beei 
found on the sea-coast of Lancashire " (Phil. Tr., No. 422) ; and a sin^ 
horn was dug out of the sands near Chester ( Brit. ZooL, vi. p. 62) ; fovi 
horns from Wallasey Pool. Hopkins transmitted the sketch of an antler 
to the Royal Societv (figured in vol. xxxvii. No. 422, I^il. Trans.) ; tli^ 
was drawn out of jKavensbarrow Hole, adjoining Holker Old Park, Lan- 
cashire, by the nets of the fishermen, in 1727 ; similar horns from the sab- 
marine forest of Leasowe ; other horns described and figured by Leigh in 
Nat. Hist. Lancas., pi. 5, as "head of a staq of Caimda*' {i.e. Cervut 
Canadensis, the Wapiti), an error ; the former being those of the red-deer, 
foimd " 8 yards within the marie " in Lancashire ; and one as huge i^Of 
" 4 yards under the moss in the Meales ; " also others in Camden (Brit, 
iii. p. 142). ^Ik or moose-deer (.?), 1845, in submarine forest of Leasowe, 
according to Dr. Watson, on the identification of Dr. Scouier ; also Mr. 
Geo. Thompson, " head and antlers " in 1857. The specimens are said to 
. be deposited in King's College Museum ; but Dr. Pollok, the Curator, says 
they do not exist in that collection. Horse : *' almost entire skeleton of a 
small size, equalling the Shetland pony in height, and remarkable for the 
large proportion of the head ; *' found by Mr. E. T. Higgins, of Eastington, 
Gloucestershire, in the ancient forest-bed of Leasowe ; also Sus, roebucx (?), 
and " a dog [or wolf, — S.J.M.] about the size of a ^eyhound." Boar: 
" tusks, in digging a cellar at Lancaster, in company with jEloman remains." 
Man : human skull, in sandy gravel, 10 feet below the original bed of 

* Several remains of MoUusca characterize the glacial deposits on the banks of the 
Mersey, such as Tellina solidula, Nucula ohlonga, Cardiam, Nassa, and particularly 
Turritella communvi, which passes upward from the sandy gravel of the lower drift de- 
posit into the boulder-clay above. From a well sunk at Poolton, in Wirral, fragments 
of Mactra, Venus, Astarte (?), and other shells were also obtained. 

t Proceedings of the Liverpool Philosophical Society, 1863, part xvii. 

X Also figured by Buckland in Bel. Dil. part xxii. fig. 5, and mentioned by Owen in 
Br. Fob. Mam. p. 4ol. 
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Wallasey Pool, and " in close connection with the ancient fossil oxen above 
referred to." 

Me. Haswell on the Denudation or Arthur's Seat. — My atten- 
tion has been drawn to an article which appeared last Saturday in a weekly 
contemporary. That article was entitled "Geological Plagiarism," and 
commented on the appropriation of passages and ideas from Mr. Geikie's 
contribution to the geology of Edinourgh in the * Memoirs of the Geolo- 
gical Survey ' for 1861 in the article printed in the number of this maga- 
zine for the past month " On the Denudation of Arthurs Seat." No one 
will, I am sure, believe me capable of knowingly permitting such plagiarism 
to appear in these pages ; and even the writer of the criticism referred 
to in no way attempts to put such an imputation upon me. As far as I am 
personally concerned, I was in total ignorance of the existence of Mr. 
Creikie's paper. The publications of the Geological Survey appear in a 
very erratic manner, and as I am in no way personally interested in Scot- 
tish geology, and do not, as I think as editor of this magazine 1 ought to 
do, receive gratuitous copies of the works issued by our national survey 
for review, I naturally only purchase such portions as I have individual 
need of. Such is the brief explanation of the cause of Mr. Geikie's paper 
not being known to me. 

Having been visiting the scene of the late disaster at Sheffield,. it was 
only since my return that I knew of the article in the contemporary re- 
ferred to. I at once forwarded a copy of the article to Mr. Haswell, who 
is not personally known to me, with the request that he would take the 
matter up. Time sufficient for his reply not having elapsed, it will be 
obvious tnat further remarks of mine at present would be unjust to a con- 
tributor, and could be neither sufficient for my own wishes, nor for that 
dae apology which, if the case be truly stated, is undoubtedly due to Mr. 
Geikie. S. J. Maceie. 

26M March, 1864 

WoEKs OP Art in Caverns in Central France. — Dr. Falconer has 
eommnnicated the following letter to the * Times :' — - 

" Sir, — Since the exploration of the Brixham Cave in 1858 an immense 
impulse has been given all over Europe to the search for and study of the 
material proofs of the antiquity of the human race. The public mind is 
now craving for information on a subject which a few years tack was con- 
demned by the general verdict of men of science, and hardly mentioned 
except in a whisper. Fresh evidence is being brought to light, day after 
day, of the most interesting and important character, although not tending 
to carry man back, in every particular instance, to a period of very high 
geological antiquity. The south of Europe is the quarter whence the cur- 
irent is now flowing, and the ossiferous caves the springs whence it issues. 
Professor Busk, in a recent communication (* Reader,' 30th of January) 
has given a very clear and excellent account of discoveries made within 
the last year in a bone-cave in Gibraltar. The materials, not all yet arrived 
in England, are now under investigation, and *give promise of results of 
high import But the most interesting additions have been yielded, very 
lately, hj caves in Central France, where what may be called works of art, 
of primitive execution, have turned up in considerable abundance, which* 
prove that savage man, of the unground and unpohshed stone period, was 
able, in advance of the nse of metals, to sculpture on deer's horns, and to 
grave on stone, figures of quadrupeds his contemporaries that are now ex- 
tinct in that region. My niend M. Lartet, on behalf of himself and Mr. 
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Henry Christy, his coU-aborateur in the work, commtinicated to the Academy 
of Sciences on the 29th ultimo an account of these relics, which, when ex- 
hibited, produced an unusaal sensation among the learned Academicians. 
I purpose now giving a brief sketch of this new and certainly very ancient 
walk of art, drawn mainly from M. Lartet's paper, which will speedily ap- 
pear in the *Comptes E/cndues' and from figures of the objects. 

" The proofs of the remote antiquity of man are derived from two sources 
—1, the ancient, or * quaternary, river gravel-deposits ; 2, the ossiferous 
caves. The former, handled with the severe caution of Mr. Prestwich, 
carries man furthest back in time, and with the greatest certainty ; but it 
is of the most meagre and restricted character, consisting merely of flint 
weapons or implements, hardly ranging beyond a few patterns. Not a 
single instance nas yet occurred of a fragment even of an unquestionably 
authentic human bone having turned up in these deposits. On the other 
hand, the evidence yielded by the caves, although less certain as an index 
of remote time, is infinitely more varied and instructive. It tells us, in 
certain cases, the division oi the human race to which man, the early tenant 
of the caves, probably belonged ; what was his stature and what his physical 
powers ; what the animals which were his contemporaries ; what the mol- 
lusks, fish, flesh, and fowl upon which he fed ; that he cooked his meat by 
fire ; that he extracted the marrow from the bones, and how he did it ; 
how and with what weapons he killed his game ; how he flayed and dressed 
the hides ; that he scraped the meat off the bones ; that he carefully cat 
the sinews of his slaughtered deer for harpoon lines, or for the fibre of 
sewing* thread for his mie-pointed pierced needles ; where and in what di- 
rection he cut the sinews ; what the implements and weapons — ^in stone, 
bone, and deer's horn — ^which he used ; what his ornaments, and how he 
disposed of his dead. It is now beginning to enlighten us on what he was 
capable of achieving in the way of art, and that in music he had got the 
initial length of a bone whistle limited to a single note. The cave evidence 
has been disparaged by cursory observers and light reasoners, upon the 
grounds that the caves have been occupied at different times, and their 
contents often disturbed by the latest tenants, thus forming what are called 
remaniS deposits. But the shortcomings lay with the objectors themselves. 
When the profound palseontological knowledge, rare sagacity, and philo- 
sophic caution of M. Lartet are applied to what were sources of doubt and 
embarrassment to them, the supposed difficulties are converted into aids in 
unravelling the tangled clue, and into indices of ulterior truths. In short, 
beside the bare fact that primeval man existed during the early ' fluviatile 
drift period in Europe/ all that we know of him — exclusive of the later 
* kitchen-middens ' and * pile-Jiabitations * — ^is derived solely and entirely 
from the ossiferous caves. 

" The caverns which, on this occasion, were the objects of exploration 
by M. Lartet and Mr. Henry Christy, occur in the department of the 
Dordogne (the ancient province of Perigord), and in the arrondissement of 
Sarlat, in the south-western part of Central France. The most productive 
localities were the cave of * Les Eyzies,* in the commune of Tayac, the 
cave of * Le Moustier,' and the shelter-recesses under the projecting cliffs 
of * Laugerie-Haute,' * Laugerie- Basse,' and * La Madeleine,* iu the val- 
ley of the Vezere; the rock-formation consisting of indurated chalk. 
The floor of *Les Eyzies* cavern is overlaid by a continuous sheet of 
breccia, composed of a base of cinders and ashes, mingled with charcoal ; 
fragments ot bones either in the natural state, or split, scorched, or burnt ; 
outside pebbles; flint cores with numerous fragments of flint flakes or 
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knives, inyariably of wrought forms, and associated with other implements 
or weapons fabricated out of reindeer's horns ; the whole consolidated in a 
confused mass, which had never been disturbed since the period of depo- 
sition. This was established by the state of the materials and by the fact 
that in several cases long bones were found with their heads in articular 
continuity, and vertebrae of reindeer in sequence. 

" The principal objects of art were as follows : — In 'Les Eyzies* among 
numerous fragments of a hard slate, foreign to the district, two plates were 
found, each bearing an engraved represen^iation of a quadruped. One of 
them, mutilated by an ancient fracture, presents the fore-quarter of a her- 
bivorous (P) animal, the head of which was apparently invested with horns, 
so far as the faint lines of the engraving at this part admit of judging. 
The other bears the figure of a head, with the nostrils sharply defined, and 
the mouth half opened ; but the profile lines of the frontal region are in** 
terrupted in consequence of erasure by subsequent friction. On one side 
and a little in front is engraved the figure of tne palm of a large horn, in- 
ferred by MM. Lartet and Milne-Edwards, with reserve, to be that of a 
moose deer. These specimens are regarded by M. Lartet as being the 
earliest known examples of engraving on stone, by primeval man, of the 
reindeer period in Europe. 

'* The most striking part of the collection, consisting of sculptured ob- 

I'ects, was discovered in the shelter recesses, under the cliffs of La Made- 
eine, Laugerie- Haute, and Laugerie-Basse, amidst accumulations of bone- 
refuse and other r^ectamenta, mingled with an immense quantity of fiint 
flakes and the cores from which they were struck off. These spots were 
evidently the kitchens and manufactories of the ancient savage. The bones 
indicated the animals on which he fed : being the horse, ox, ibex, chamois, 
reindeer, birds, fish, etc. The common stag was rare, as were also the 
boar and the hare. Some detached molar teeth were discovered of the 
extinct Irish elk, and also detached plates of the molar teeth of the mam- 
moth. 

" Laugerie-Haute would seem to have been especially the locality were 
flint implements were made, and Laugerie-Basse that where reindeer horns 
were converted into spear-heads, harpoons, daggers, arrow-heads, needles, 
and other implements. Here an enormous accumulation of reindeer horns 
was discovered, the whole of which nearly bore the marks of a stone-saw, 
by which pieces were detached suitable tor conversion. Here also were 
found the principal sculptured objects, some of which, considering the 
period and the nature of the tools, are marvels both of artistic design and 
of execution. 

" The most remarkable is a long dagger or short thrust-sword, formed 
out of a single horn. The handle represents the body of a reindeer, the 
parts in fair proportion, and treated with singular skill and art-feeling, in 
subservience to the use for which it was intended. The fore legs are folded 
easily under the body ; the hind legs drawn out insensibly into the blade ; 
the salient horns and ears are cleverly applied to the chest by giving an 
upward bend to the head ; and a convenient hollow for the grip of the 
hand is produced by a continuous curve extending from the rump to the 
muzzle. M. Lartet remarks that the hand for which it was designed must 
have been much smaller than that of the existing European races. The 
weapon was evidently left by the artist-savage unfinished ; but, as a design 
imbued with taste, it will bear a very favourable comparison with Orientol 
dagger-handles cut in ivory. 

'' Another specimen is described as a handle terminating at one end in a 
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ppeftr point, and bearing in partial relief the heads of a horse and of a deer, 
probably reindeer. Others are ornamented with longitudinal and parallel 
wavy lines, etc. A distinct class consists of pahnated portions of reindeer 
horns, bearing representations of animal forms, — some executed in grayed 
lines, others in bas-relief or in high relief. One of these palmations ex- 
hibits a figure of a large herbiTorous animal which has been oonjecturally 
referred to the Aurochs. Another is supposed to represent an ox, probably 
Bos primigenius (?). The collection, judging by the drawings which I have 
seen, is very rich in spear-heads, barbed harpoons, arrow-heads, and finely 
pointed slender needles, drilled with an eye-hole. The harpoons bear a 
close resemblance to the Esquimaux patterns. On one object the fig:ure 
of a scaly fish is distinctly represented. The ornaments consist of canines 
of wolf, incisors of ox and other animals, with ear-bones of horse or ox, all 
drilled for suspension. One curious object is the first digital phalanx of a 
ruminant, drilled to a certain depth by a smooth cylindrical bore, on its 
lower surface near the expanded upper articulation. This is supposed to 
have been a whistle or call, and a shrill sound is yielded on applying it to 
the lower lip and blowing into it. Three of these whistle phalanges arc of 
reindeer, one of chamois. One relic of surpassing interest consists of the 
lumbar vertebra of a reindeer, pierced through and through by a flint wea- 
pon, which still remains embedded in the bone, fixed by calcareous incrus- 
tation. This is an object of great significance and extreme rarity. Humsn 
bones, although found, were very scarce ; but M. Lartet has refrained firom 
alluding to them, with a reserve the reason of which is indicated by M. 
Milne-Edwards. In forming an estimate of the value of the relics of art, 
the reader will bear in mind that they are the productions of the unpolished 
and unground * Stone period,' the tools employed having been thin chips 
and delicate flakes of flint. Such, at least, is the fair inference drawn 
with our present lights from the negative evidence, not a trace of metal in 
any shape having been met with in the Dordogne Caves. But if primeval 
man really had made such progress in the conceptions of art without having 
yet attained the knowledge of metals, it will be as curious an anthropolo- 
gical phenomenon as are the art objects themselves, which express that 
degree of luxury which ease, leisure, and comfort beget. Eeindeer's horn 
is notoriously the most worthless and incompact of cervine antlers ; it is 
readily whittled by a knife, which is not the case with stag's horns. 

" The labours of M. Lartet and Mr. Henry Christy on the Dordogne 
Caves commenced in August, 1863. They have been continued ever since, 
and are still in progress. Valuable and instructive as is the Dordogne col- 
lection, it is surpassed in certain respects by another, from the * Bruniquel 
Cave,' in the south of France, more recently formed by other observers.. 
The Bruniquel series, it would appear, doe? not embrace the same range 
of art, but it is richer in the department of weapons and implements, such 
as harpoons, spear-heads, etc., which are larger, more numerous, better 
finished, and in better preservation. These precious materials were offered 
in succession to the French Government and to the British Museum. 
* Perfide Albion ' has got them : they are now in the national collection. 
The result does infinite credit to the zeal, enterprise, and activity of the ad- 
ministration of the British Museum. But the satisfaction which so valuable 
an acquisition necessarily excites is not wholly unmixed. The investigation 
of truth is above and beside national predilection. The 'Bruniquel Cave' 
series is now divorced from the collections in France, of which it forms a 
complement, and upon which M. Lartet has been engaged since 1861, when 
he published his important researches on the Sepulture-Cave of Aurignac. 
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Those who take an interest in the advancement of our knowledge of the 
subject would have congratulated themselves if the Bruniquel materials 
had been placed in his practised hands, to be included in the work which 
lie and Mr. Henry Christy are about to publish on the ancient remains of 
man of the * Cave' period in France. 

•• One circumstance in the case deserves to be generally known. The 
instinct of a collector is to amass, hoard, and retain. Mr. Henry Christy 
is the possessor of one of the choicest private archaeological collections in 
Europe. M. Lartet and he explored the Dordogne Caverns on a large 
scale, with the object — first of exhausting the ground, and next of distri- 
buting duplicates. They have presented huge slabs of the floor-matrix, 
containing embedded every variety of object, to all the principal museums 
in Europe, and selected sets to persons of all countries having a recognized 
position as labourers in the same field ; and tJiis, too, before their own re- 
searches were published. In their case a higher impulse extinguished the 
mere collector's instinct. No comment is required. — Sir, your obedient 
servant, H. Falconer. 

" 21, JParh Crescent^ Portland Place, March 10. 

** P.S. — At the meeting of the Academy of Sciences (February 29) a 
note on the same and cognate subjects was communicated by the Marquis 
de Vibraye, who has laboured so meritoriously on the ossiferous caves of 
France." 

On Soke Fobaminifera from the Teettaeibs of Tsinidad. — ^At 
page 38 of the * Ileport on the Geology of Trinidad * is given a figure of a 
remarkable stratum of asphaltic rock. This stratum is nearly vertical in 
position, and projects from the cliff to some little distance into the waters 
of the Gulf of Paria. Though a considerable part of it has been removed 
since the drawing referred to above was made, it yet seems to possess a 
superior power of resistance to the encroachment of the waves than the 
remaining portions of the clifi*. Upon a close examination the vertical mass 
is found to consist chiefly of the remains of Nummulites and Orbitoides, 
two genera of Foraminifera, whose shells, as is well known to geologists 
and paleontologists, form in various parts of the world thick masses of rock; 
the Orbitoides being generally characteristic of the Eocene period in the 
western hemisphere, while the Nummulites are regarded as indicative of 
the Middle Eocene in Europe and Asia. Here, however, we find the re- 
mains of both these generated in strata of supposed Miocene age."* Num- 
mulites is regarded as a strictly Tertiary form of Khizopod, while Orbi- 
toides has been found in the Chalk or Upper Mesozoic deposits, as well as 
in the Lower Tertiary formations. 

Of the Orbitoides vast numbers are contained in the San Fernando Ter- 
tiaries. They are found alike in the gypseous marls which constitute so 
large a portion of those deposits, ana in the asphaltic portions of the 
group. In the marls they chiefly occur in the nodular concretions, and in 
the indurated veins and layers. In the singular mass of rock figured by 
Messrs. Wall and Sawkins, the Orbitoides seem to form the greater part 
of its bulk. They are not referable to any species of which I have seen 
fiffures. The Nummulites found in the same deposit present a decidedly 
close resemblance to N. Uevigata^ but the chambers seem to be, in the San 
Fernando specimens, larger relatively to the size of the whole shell. When 
a portion of the rock is submitted to heat, and the asphalte thus driven off, 
the Nummulites generally fall into two pieces, each of which presents a 

* Report on the Geology of Trinidad, pp. 85 and 162. 
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transrerse section of the shell, showing distinctly the chambers whieb, 
during the life of the animal, contained its softer parts. Were it not for 
this circumstance, it might have been difficult to have obtained sections of 
these shells, as owing to their fragility they would scarcely bear the pro- 
cess of grinding down, however delicately conducted. 

Some specimens of Bryozoa have occurred among the Orbitoides, bat I 
have not succeeded in detaching a specimen. They are so brittle that the 
most careful manipulation is insufficient to prevent them from falling to 
powder under the nand of the operator. I nave not detected any other 
organisms in the same bed as the Orbitoides and Nummulites ; but both 
above and below it are found Tertiary fossils, probably not of more recent 
date than the Miocene age. I hope to be able to present observations on 
these fossils at some future time. Suffice it for the present to state that 
the evidence derived from them is not inconsistent with the presumption 
of the Miocene origin of the deposits in question. We know too little as 
yet of the Tertiaries of this part of the world to be able to pronounce a 
more decided opinion ; but should the supposition of the Middle Tertiary 
age of the San Fernando Tertiaries be ultimately established, we should 
have here the remarkable phenomenon of the association of an Old- World 
with a New- World form of Lower Tertiary Rhizopod in a deposit of Mid- 
dle Tertiary age. It would indeed be very possible, in that case, that the 
homotaxiciu representatives in Europe of the deposits at San Fernando 
may be found amongst the lower members of the Miocene group. But 
this observation womd not necessarily extend to those portions of the Ter- 
tiaries which are found inland, at Mount Tamana, Jordan Hill, and St. 
Croix, for instance. The fossils from those places, as well as those from 
Manzanilla, and other parts of the east coast of the island of Trinidad, 
seem to belong to a somewhat later date. — E. J. Lechmebe Guppt. 



MISCELLANEOUS NOTICES. 



The " Rules for Zoological Nomenclature," elaborated by the Strickland 
Committee of the British Association in 1842, have been reprinted in a 
pamphlet- form, under the authority of the British Association, by Messrs. 
Neill, of Edinburgh. The vagueness and uncertainty of the nomenclature 
of animals has been one of the greatest detriments to science, and before 
the framing of these rules was infinitely worse than it is now. Indeed, so 
long as naturalists take different views of the natural affinities of animals, 
there must and will be diversities of classification. The widest circulation 
and the universal adoption of this series of propositions will be the best 
antidote for the evils arising from still continued injurious practices. The 
object of the present issue is to get suggestions tor the amendment and 
perfecting of the rules submitted to Sir W. Jardine and the new committee, 
before the next meeting of the Association in June. 

The Proceedings of the Liverpool Philosophical Society contain — " The 
Ancient Fauna of Lancashire ana Cheshire," oy Dr. Collingwood ; and " On 
a New Theory of the Generation of Steam, with an Explanation of the 
Geysers of Iceland," by Mr. E. J. B.eed, H.M. Chief Naval Constructor ; 
and " On the Manufacture of Stone-Implements in Ancient and Modern 
Times." 
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one of water respectively heated to a given temperature, and then 
timed for the periods that elapsed in the giving out or radiation of 
the heat they had imbibed, for a reduction of ten d^reea. These 
experiments we are so obtuse as not to see the corroborative force 
pf, for it may be asked whether, if it take five times aa much hesf; 
to raise one body to the same temperature as the other, we might 
not expect to find one body proportionately longer than the otiierin 
parting with the heat it had obtained. It seems to us that the ex- 
periments would have been more to the purpose if a mass of molten 
lead had been covered by an iron-bottomed trough of water, in which 
a given mass of granite soldered down to the intervening iron pkte 
had been partially immersed. Such, at any rate, would have been 
conditions more nearly resembling those presumed for our earth. 

Of course, the nebular hypothesis of the formation of stelhir globes 
from the condensation of vaporous matter in space, and the evolution 
of light and heat in the process, was brought in as the primary origiii 
of the presumed internal molten state of our earth ; but it will be 
well to bear in mind that our largest telescopes have resolved, one 
after the other, the numerous luminous patches in the vast heavens 
into gigantic clusters of sun-stars, and that up to this moment there 
is no proof whatever of any former nebulous state in our own or any 
other solar system. Nor was the oft-quoted nebular hypothesis the 
only support Dr. Erankland tried to get from astronomy. He has 
been searching the moon for more than a year with a reflecting tele- 
scope of 7 inches aperture, and has found ttoo streaks on her surface, 
which he thinks may be the marks of glaciers with their terminal 
moraines. One of these fancied moraines is at the termination of 
that remarkable streak which commences near the base of the gigantic 
crater Tycho, through the ring of which it breaks, — a fact not omitted 
in Dr. Erankland's illustrating diagram, and which would alone much 
more naturally assign its origin to the class of volcanic phenomena. 
The other extends from Bheita, the crater-rim of which is also broken 
down, as it would be by the passage of a lava-stream. But as the 
author of the new hypothesis admits that, *' with regard to the proba- 
bility of former glacial, or even aqueous, agency on the surface of the 
moon, difficulties of an apparently very formidable character present 
themselves," we need not pursue further these lunar fSuicies-— for 
such we cannot help regarding them. 

It will naturally occur to those who are not familiar with ice- 
making machines, that if warmer water in the sea will produce a 
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umversally colder climate, and an equally wide-spread lower descent 
of the line of perpetual snow on our mountains, that when the sea 
was boiling, and the evaporation yet more abundant, the colder still 
should have been the condition of our planet's land- surfaces, until, 
in fact, the snows of the land should have touched the waters of the 
boiling ocean, and have melted only on the margins of its shores. 
This argument would indeed have been viewed as the reductio ad ah- 
surdum ; but the Professor does not bring us quite to this dilemma. 
He presumes the radiant heat of the earth was sufficient to drive 
outwards the upper atmospheric sphere of radiation and condensa- 
tion far above and beyond the loftiest mountains. We give the 
conclusions to which these speculations lead their author — namely, 
** that a liquid ocean can only exist upon the surface of a planet so 
long as the latter retains a high internal temperature." " The moon 
becomes thus," he says, *' a prophetic picture of the ultimate fate 
which awaits our earth when, deprived of an external ocean, it shall 
revolve round the sun an arid and a lifeless wilderness." A not 
very comforting prospect truly, which we doubt not will be very 
long indeed before it commands popular assent. 



ON EEMAINS OP THE MEGAGEBOS RISEBNIGUS IN 

GYPSUM IN lEELAND. 

By David Leslie, M.D. 

The '* Irish Elk " has been hitherto only found in the shell-marl 
underlying extensive turbaries. It is a true deer, intermediate be- 
tween the fallow aud rein-deer. In England it has been found in 
lacustrine beds, brick-earth, and ossiferous caves (Owen). The sub* 
ject of the present paper is a dorsal vertebra belonging to a skeleton 
quite as large, if not larger than the specimen in the College of 
Surgeons Museum, London, with which it was compared. It was 
found on the Shirly property, in a bed of gypsum, county of Mo- 
naghan, Ireland. This gypsum-bed is very extensive, being many 
square miles in extent, underlying the glacial drift, embedded in and 
aometimes alternating with a fine ferruginous clay. The subjacent 
rock is the older or lower coal sandstone, which lies unconformably 
on the mountain limestone, which reposes on the Silurian, the latter 
forming hills of 500 or 600 feet elevation in the immediate neighbour- 
hood. The sur£Etce-soil is formed of ancient drifts of different ages, the 
one containing enormous blocks of mountain limestone, the other, 
the older, more compact, and containing small iragmentis, very rare, 
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of a limestone, wbicb, from comparison, is supposed to have been 
brougbt from tbe counties of Tyrone and Eermanagb, bj a current 
tbat denuded all tbe western aspects of tbe Greywacke ranges of 
bills, producing very markedly tbe pbenomena of '' crag and tail," 
wbicb are tbere to be seen in endless examples. 

On tbe summits of man^ of tbe drift-bills are found some enor- 
mous blocks of mountain limestone, evidently deposited from floating 
icebergs, wbicb ran aground in tbe sballow waters as tbese bills 
emerged from tbe deep, and tbere deposited tbeir gigantic burdens 
as tbe ice melted away. 

Tbe accompaning sketcb (PI. XI.), made by George Morant, Esq., 
Sbirly House, gives tbe true relative position of tbe fossil. Tbe ver- 
tebra was found embedded in gypsum, about 1 foot below tbe surface 
of tbe gypsum rock. Tbe section in tbe plate gives — allavium 2 
feet ; peat 1 ; glacial drift 6 ; gypsum 1 foot ; tben tbe vertebra in 
tbe rock, wbicb extend? downwards to a tbickness of 40 feet. Thus 
we find an unquestionable vertebra of Megaceros JSibernicus em- 
bedded in solid gypsum, of an age mucb older tban any glacial drift. 
Tbe total absence of fossils in tbe ferruginous clay and gypsum, 
wbicb are of contemporaneous origin, made it impossible to give any 
otber tban a stratigrapbical age to tbe bed, in wbicb tbe vertebra 
was found, it being placed beneatb tbe oldest drift and lying on the 
lower coal-sandstone. Tbe Irish Elk is therefore of much greater 
geological antiquity than what bas been hitherto supposed. 

TunMdffe, April 2, 1864. 



NEW SPECIES OF TEEBBEATELLA, FEOM THE 

BAEGATE STONE. 

Bt Mb. C. J. A. Meteb. 

I send some drawings and a short description of a pretty little 
Bracbiopod from the Lower Greensand of Godalming, of wbicb, un- 
fortunately, I possess at present only a few single valves, viz. 7 dorsal 
and 4 ventral valves. Tbese are, however, sufficiently perfect to en- 
able me partiallj to describe tbe sbell, and I take the present oppor- 
tunity of so doing, witb tbe hope tbat, at some future time, better 
specimens may come to light. (See PI. XII. Figs. 1-6.) 

The species is apparently new, local in distribution, and, so far as 
I am at present aware, confined to the " Bargate stone " of Guildford 
and Godalming, the position of wbicb is near tbe base of the ferru- 
ginous or upper division (of Fitton) of the Lower Greensand. From 
tbe partial outward resemblance of this sbell to that of Terehratelh 
Menardi, and from tbe fact of tbe binge line and medial septum in 
tbe dorsal valve being of tbe same form in botb^ I am inclined to con- 
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sider tliis species as a Terebratella : the peculiar form of the dorsal 
valve has suggested its specific name. 

Terebratella trifida, n. sp. Shell (judging from a comparison 
of several single valves) as wide as long, in old specimens perhaps 
rather longer than wide ; convex in both valves : dorsal valve mode- 
rately convex, and divided into three portions; a large, elevated, 
mesial fold, in the shape of an acute rib, occupying the entire central 
division, on either side of which, on the lateral divisions, there exist 
one or two ribs of small elevation, followed occasionally by a third of 
still smaller size ; the whole being crossed by numerous concentric, 
strongly marked lines of growth. The hinge line is but slightly 
curved. 

The ventral valve is much deeper than the opposite one, has a deep 
angular sinus, and on each side of the lateral portions of the valve, 
two or three ribs ; the beak seems to have projected but little, in one 
of my specimens appearing to have been truncated almost as abruptly 
as in T. Menardi, and showing evidence of a small flattened space or 
hinge area between its ridges and the hinge line : the foramen is rather 
large. 

The interior of one of the dorsal valves exhibits a small, elevated, 
longitudinal septum, commencing from beneath the hinge plate, and 
extending to nearly half the length of the valve. Shell-structure 
punctuate. 

Dimensions, — The largest dorsal valve in my possession measures 
4)- lines in breadth by 4 in length ; another specimen measures 5^ 
lines in breadth by 4 in length ; the largest ventral valve measures 
5i in breadth by the same in length, and, as in this specimen the 
beak is nearly perfect, one may suppose the length and breadth in> 
this species to be nearly equal ; the greatest breadth of the shell is 
usually close to the hinge line. 

Approaching most nearly in form to T. Menardi, this species is, 
however, readily distinguished by its very large and simple mesial 
fold. 

The two first examples of this shell I obtained from a small quarry 
near Tewsley, south of Godalming; the others are from a quarry 
about a quarter of a mile west of St. Katherine's Hill, near Guild- 
ford, where it occurs in couipany with T. Menardij Lam., T. ohlonga^ 
Sow., and Terehratulina striata, "W"ahl., var. (T. auriculataf, D'Orb.) ; 
these are, however, all extremely rare. 

8, Church Buildings^ Cldvpham Common. 

Explanation of Plate XII. 

Fig. 1. Dorsal valve, magnified ; 4. Front view of ditto; 5. Another dorsal valve; 
6. Interior of ditto, with medial septum ; 2. Ventral valve ; 3. Ditto, side view. 
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Geological Plagiarism, 

The following copy of a letter published in the ^ Header/ has been 
sent to lis for insertion : — 

"Geological Flaotabism. — ^To the Editor of the 'Reader.'— Sir,— 
Under this head I observe a letter in the last impression of the * Beader/ 
which is by no means flattering to myself, and I would therefore now beg 
to make a few remarks by way of explanation. ' F. G-. S.' is not incorrect 
in supposing that he * had seen the same ideas, and possiUy some of the 
same expressions, not long before in the Memoirs of the Gfeological Sor- 
yey.' 1 acknowledge the similarity of idea in the passages quoted by him, 
and the sameness of expression of which, in one or two eases, as a student 
and a beginner, I have been unfortunately guilty, and whi^, but fcnr an 
oversieht, would have been indicated by myerted commas. But when I 
show now that has arisen, I hope ' F. G. S.' will understand mj excuse; 
and should this meet the eye oiMr. G^ikie, that diat gentleman will accept 
my apology. On reading over, some time ago, the Geological Suirey s 
Memoir on Edinburgh, I was struck with Mr. Geikie's remarks on ' De- 
nudation ' in chap, xiii., which, by the way, applied to Midlothian gene- 
raUy, and not to Arthur's Seat in particular. The idea which more es- 
pecially attracted my attention was that Midlothian had been snbjected 
to a process of denudation at two different and widely-separate neriods in 
geologic time, and as I happened to be studying the geology or Arthur's 
Seat at the time, I naturally desired to have a clearer idea of the effects of 
denudation on that particular hill. The result was the paper in question, 
which, as you can easily. imagine, was written in the spirit of Mr. Geikie's 
remarks, but at the same time with the desire to give greater prominence 
than he has done to the idea above-mentioned. The plan of my paper is 
quite different from the chapter in the Memoir, and is all I erer intended 
to * be regarded as original.' I certainly ought to have mentioned the 
source from which I had gathered a portion of my information, and herein 
I confess I have made a mistake ; but at the same time ' F. G. S.' and Mr. 
Geikie will remember that these ideas on the denudation of Midlothian 
are by no means new, but have been more or less entertained by our local 
geologists for some time back, and have even been made the subject of 
papers before the Edinburgh societies, as my own was before its appear- 
ance in the pages of the ' Geologist.' — I am. Sir, yours respectfully. Jambs 
Haswell. 

« Edinburgh, 2^d March, 1864." 



The Eternity of the Universe; in Hehrew Phraseology, of the Seavens 

and the Earth. 

Sir, — After many years' reflection upon the subject, I have come to the 
conclusion that the true Scriptural doctrine — which at the same time com- 
mends itself to reason — is, that the universe (in Hebrew phraseology, the 
heavens and the earth) is eternal ; in other words, that as there always has 
been and will be a God, so there always has been and will be a universe,— 
in Hebrew phraseology, an earth and heavens. I have come to the 
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6piiiioii, that where geology ends, there the Mosaic record begins. This 
interpretation is exceedingly simple, and removes all difficulties. We have 
only one question to deal with, and that a very simple one, namely, does 
the Mosaic record on the one hand, and geology on the other, testify to 
the same condition of the earth at the only point where they come in con- 
tact P This question can be answered in a ^w words. 

Moses says, *' In the beginning God created the heavens and the earth, 
l^ow the earth it was a wreck and a ruin ; and darkness (was) upon the 
face of the deep ; and the spirit of God (was) hovering over the face of the 
waters." 

The meaning of these words will be best seen in the following para- 
phrase : — 

** The following is the true history of the creation of the heavens and 
the earth : — They were created by God, and they were created in six days. 
At the time when their creation commenced the earth was in a truly de- 
plorable condition. It was a wreck and a ruin. The ploughshare of ruin 
Aad passed over it, leaving it waste and desolate, dark and damp. Murky 
ranours ascended from tne abyss of waters, efiectually shutting out the 
lignt of day. Being deprived of light, the earth ti as destitute of heat ; 
consequently animal and vegetable life was extinct. The Spirit of God re- 
gardea the earth in this its desolate condition with tender solicitude, even 
as a mother-bird hovers over her young when in misery and pain." 

According to the exposition of the learned commentator Macknight, 2 
Pet. iii. 5, 6 is a parallel text, referring to the period of the Drift, or, as it 
is sometimes called, the period of alluvial and diluvial deposits : — " By the 
word of Ood the heavens were of old, and the earth standing out of the 
water and in the water, whereby (that is, by which heavens) the world that 
then was, being overflowed with water, perished." 

Such is the testimony of Moses and the Apostle Peter. 

What says geology P While I am writing, a voice is heard from the 
mountains on tne other side the broad Atlantic, attesting the truth of the 
Biblical record. I quote the following paragraph from flie * London Jour- 
nal,' March 19, 1864 :— 

" The Earth made Cold hy Heat, — Professor Agassiz lately delivered a 
course of three lectures in Boston, U.S., and the greater part of the last 
one was devoted to a description of the phenomena whicn indicate that 
the continent of North America had at one time been overlaid by dense 
and unbroken masses of ice, moving from the north to the south. The 
traces of such an agency are found in the peculiar drift deposited on the 
surface of the continent, from the Arctic to the 36th or 4X)th parallel of 
latitude, being in its nature and composition such as would be deposited by 
immense cakes of ice, pushing forward the debris of the soil over which 
they moved, and bearing on their top the irregular masses of stone which 
are found in the region designated. That the direction of this moving 
mass of ice was from north to south is proved by the abrasion of hills 
having an acclivity facing towards the north, where the southern descent is 
without such characteristic marks. After stating the grounds on which the 
* earthquake theory * was inadequate to explain the phenomena of this 
drift, Professor Agassiz estimated that the ice which deposited this drift 
and produced its other attendant phenomena must have been 5000 or 6000 
feet thick. But whence came the cold which produced such a thickness of 
ice P This query was answered by supposing that there had been injected 
into the sea, from iiie subterranean fires of the earth below it, a vast mass 
of melted material, thus producing an immense volume of vapour, which, 

YOL. yn, ^ 
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escaping for ages into the upper air, was condensed, and fell in the shape 
of snow and nail. By tiiis mass of snow and hail the temperature of tne 
earth's climate was reduced from the comparative warmth which preceded 
it, even in Arctic regions, and the world entered on ' the cold period^ which 
it was the object of the lecturer to describe and to account for while de- 
scribing. Professor Agassiz said that this was the winter which preceded 
mane advent in the world,** 

Is not my point made out P Is not the thohu and vohu of Moses iden- 
tical with the cold period, the winter of the world, of Agassiz P Surely there 
can be only one answer. 

It seems almost superfluous to refer to the boulders which are found in 
Norway and on the coasts of north-western Europe, which evidently be- 
long to the period of the Drift, and which have been borne to the spots 
where they are now found on moving ice. 

I think. Sir, your readers must allow that my point is clearly made out, 
namely, that Moses and the geologists are of one mind as to the deplorable 
condition of the earth at the time when the Mosaic record and geology 
eome in contact. I have the honour to remain. Sir, 

Your obedient servant, 

Fbbdbbick Fysh. 

Walgrave, April 7, 1864. 

P.S. I take the meaning of the fourth day's creation to be, that the 
sun, moon, and stars, which had been previously obscured, then became 
visible. Henceforth the earth was to receive light from those luminaries, 
and not to be supplied with miraculous light, as on the first day. 



The Scottish Pleraspis, 



Dear Sir, — If not occupying too much space, I would feel obliged by 
your inserting in an early number the following remarks on the communi- 
cations in your numbers for March and April from the Rev. H. Mitchell 
and Mr. E. R. Lankester ; these I have tne less hesitation in offering, as, 
while fully appreciating the value of the criticisms of one who has done so 
much towaros adding to our knowledge of this genus as Mr. Lankester, I 
can at same time fully corroborate the correctness of Mr. Mitchell's re- 
storation, in his interesting letter, in almost every particular. 

In a former letter (Geol. Feb. 1863) I had occasion to remark that Mr. 
Lankester, in a notice (Dec. 1862) of a former and much less correct re- 
storation of our Scottish Pteraspis by Mr. Mitchell (Nov. 1862), had not 
made sufficient allowance for probable specific difference of form. I must 
here state my belief that the same mistake has again occasioned some of 
Mr. Lankester's remarks in his last letter. I had recently an opportunity 
of inspecting Mr. Mitchell's series of specimens of this fish, and of com- 
paring them with my own. They all undoubtedly belong to the same 
species, and are in my opinion distmct from Pteraspis rostratus and other 
English species. 

The only points in Mr. Mitchell's latter restoration which appear to me 
scarcely correct are, that the breadth seems rather exaggerated, and that 
the posterior margin is represented as formed of straight lines, while it 
consists of a double curve, concave posteriorly. The lateral posterior 
angles are produced, forming well-marked but very short cusps, pointing 
backward and slightly outwards. From this and also from the well-marked 
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and finished lateral outline of the posterior head-plate, I think it extremely 
improbable that this species ever possessed the lateral small plates forming 
the comua of Pteraspis rostratus ; certainly none of the many fragments in 
our coUections show any vestige of these. One of my specimens has the 
occipital spine in situ, and in several of Mr. Mitchell's tne spine is shown 
detached; thus differing from the occipital crest of Cephalaspis, which 
forms an integral portion of the head plate. This spine is short, stout, 
striated longitudinally, and is deeply inserted in the substance of the head 
plate, in which it seems to have been inmovably fixed. In their composi- 
tion the head-plates are quite similar to that of the English species, some 
of Mr. MitchelFs specimens having, as noticed by him, the exterior stria- 
tion, the internal reticulated markings, and the inner nacreous plates or 
lamellae well preserved. From his specimens I have little doubt that the 
perforations at b, in the figure given in your number for March last, are 
indeed the eye orbits ; while those at a are too distinctly marked to have 
been the result of accidental fracture, whatever may have been their nature. 
As drawn in Mr. Mitchell's latter restoration, and in my figure (GeoL 
Feb. 1863), the test consists of only two distinct plates, an anterior and 
posterior, with a distinct spine. 

No light has yet been thrown on the nature of the under surface of the 
head, some of our many fragments may possibly belong to this part of its 
body ; to me, however, they all seem mere broken fragments of the upper 
cephalic plates. 

As to the oral appendages, until very recently I was of opinion that 
these were of the nature indicated in Mr. Lankester's letter, both in this 
genus and in Cephalaspis. This opinion was founded not only on negative 
evidence, but also on tne form of the plate protecting the under surface of 
the head of the latter genus, and in my letter referred to (Feb. 1863) I 
expressed this conviction pretty strongly. During the course of last au- 
tumn, however, I had the good fortune to open out some magnificent spe- 
cimens of Cephalaspis Lyelli, in which the position and character of the 
mouth and teeth are distinctly exhibited. The mouth opened immediately 
under the cephalic plate, the gftpe occupying about one-third of the entire 
outer margin, the upper maxillse, or jaws, anchylosed with the cephalic 
plate, forming an integral part of it, and are finished with a single row of 
short, stout, shghtly flattened teeth, which extend quite round to tne cornua 
or cusps. In one of my specimens, a portion of the lower jaw is preserved 
with its single row of similar teeth. From the decided analogy between 
Cephalaspis and Pteraspis, it is probable that the latter had been similarly 
provided. One of Mr. Mitchell's specimens seems to bear this out, having, 
as noticed by him, the anterior margin of the anterior plate turned down- 
wards and inwards, as in all our moderately well preserved heads of Ce- 
phalaspis. The analogy between these genera is further confirmed by Mr. 
Lankester's most interesting discovery of the scales of Pteraspis, stated 
by him to be similar to the dorsal series of Cephalaspis,— meanmg, I pre- 
sume, the bony rings covering the body of this creature. These, however, 
my specimens show to have been again covered externally by scales similar 
to those covering the cephalic plate. 

It ^eems to me that as yet the nature of the Cephalaspidse is very imper- 
fectly understood. I strongly suspect the cephalic plate to consist of the 
various cranial bones anchylosed, while the bony rings protecting the body 
equally appear to represent the vertebrae and nbs ; all covered externally 
with scales, or rather dermal scutes, thus indicating that this family may 
have held among the fishes a place somewhat, although by no means ex-. 
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acUy analogous to that held by the Chdioiiiang amongst the more higUy 
org^anized reptiles. Much careful inyestigation is necessary, and still more 
perfect specimens are required before this can be fully wrought out. 

It is right here also to state that to Mr. Mitchell oelongs the merit of 
first discoYering Pteraspis in our Scottish rocks, although it is only yery 
recently that I was aware that he had procured and recognused franuente 
of this fish some time anterior to my discoyery of its remains. B^eying 
our Scottish Pteraspis to be specifically distinct from the other species yet 
found, in a paper which I hope to haye the honour of communicating at 
an early meeting of the Geological Society of London, noticing it aJong 
with some other Forfarshire fishes, I propose his name as a specific affix 
for it, and that it should be known as Pteraspis Mitchellu 

I am, dear Sir, Yours eyer truly, 

Jamss Powkie. 

Meswalla^ April, 1864. 

Spiral Planetary Orbits, 

Sir, — ^Your highly suggestiye article on "Spiral Planetary Orbits" 
{vide * Geologist ' for March) gaye rise to some ideas which may proye in- 
teresting to those of your readers who are partial to speculatiye inquiries. 

The generally accepted explanation of the planets' translatory motion is, 
that those bodies were projected once for allinio free space with great ye* 
locity, and that as they meet with no resistance they will always continue 
their course. 

The existence of free space here assimied, is, howeyer, very doubtful, 
since we can hardly reconcile a perfect yacuum with the transmission 
through it of light and heat, for we know of no such thing as physical 
force existing independently of matter. But, as you haye sdready shown, 
if matter does occupy space, then, howeyer rarefied it manr be, there must 
be resistance, friction, and consequently retardation of planetary motion. 
This slackening of the speed, by destroying the equilibrium of tne centri- 
petal and centrifugal K>rces, would contract the orbits, and ultimately 
cause the planets to fall into the sun. The equilibrium of the two forces 
once destroyed, both the decrease of speed and the increase of attraction 
would tend to the same end, and the motion towards the sun would be so 
continuously and immensely accelerated that the final catastrophe would 
not perhaps be so far distant as might at first be imagined. 

To such a yiew of planets revolying in a plenum, without any supply of 
motiye force but that first acquired, some difficulties present themselyes, 
not the least of which is, that if the results of retarded planetary moye- 
ments are expected to eyince themselyes in the future, they may also be 
looked for at present, as plienomena indicatiye of such retarded moyements 
during time past ; for we know not, neither can we imagine, what proportion 
the past bears to the future. 

But can we discern any such phenomena ? Not in the planetary cir- 
cuits, for the centripetal and centrifugal forces still appear to balance each 
other, their equilibrium remains undisturbed, and we do not find that those 
planets nearer the sun have a decreased orbital velocity. On the contrary, 
for " the angular velocity of a planet's movement in its circuit is inversely 
as the square of its distance from the sun." 

How, then, can we reconcile the continued regularity ofplanetary mo- 
tion with the existence of a resisting medium in space P Z/oes it not ap 
pear as though we should have to discard the " projected once for all " 
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hypothesis, and assnme the existence of a sustained or continually acting 
motive power ? 

Then, recalling to mind the correlation of the physical forces, and yiew- 
ing heat and the other forces as directly or indirectly convertible into their 
equiyfdents of motion, we are induced to ask, may not force emanating 
m>m the sun be the sustaining cause of planetary centrifugal motion P 
Here we should have a continuous supply of force, which, by counteract- 
ing the centripetal force and the resistance of ether, would prevent any 
contraction of the orbits. Moreover, by such means, we could understand 
how it is that planets nearer the sun have a greater velocity than those 
more distant, for the increase of heat and consequently of velocity they 
received would be equal to the increase of attraction, and heat, velocity, 
and attraction would all be inversely as the square of the distance of the 
body from the sun. This we £nd to be the case. 

According to such a view, our journey around the sun woidd only cease 
when that luminary failed to supply the necessary amount of force. But, 
were the sun to become dark and cold, no life could exist on our globe, no 
changes could take place in the conditions of matter, there could be no 
liquids, no gases, so that the contact of earth and sun at such a time would 
be the collision of two dark, gloomy, silent, lifeless masses of inert 
matter. 

The revolution of satellites around planets, as for example that of the 
moon around the earth, might perhaps be accounted for by supposing the 
earth's motion (which we cannot believe to be wasted), converted into 
frictional heat at the surface, which, together with the moon's heat, might 
act as sufficient centrifugal force to counteract their mutual attraction. 
The moon's revolution, m conjunction with the earth, around the sun 
would be perhaps the result of that luminary's heat or force acting on 
planet and satellite as a connected system. 

The greatest difficulty which presents itself to the view of solar force 
producing motion is the fact that we only know heat as a molecular force. 
But M. Faye, in the ' Comptes Kendus,' supposes the existence of a repul- 
sive force exerted by the sun, not to be expressed by attraction with a 
negative sign prefixed, but bearing the same relation to molecular repulr 
sion as celestial attraction does to terrestrial attraction. . 

Lastly, let us call the comets into the witness-box, and see what those 
eccentric individuals have to say on this subject. In an article entitled 
"Cometary Phenomena" ('Intellectual Observer,' 1863), we find the 
following : — " It is evident that the whole of the mass is vehemently 
acted upon by some influence emanating from the sun, the continuation 
and accumulation of which, after the perihelion passage, seem to point 
to a calorific rather than a more instantaneous electric or magnetic action." 
Again, Mr. Marsh, in writing of comets in the * American Journal of 
Science and Arts,' attributes the peculiar character of cometary matter to 
the extreme and violent changes which it undergoes in its rotation around 
the sun. Halley's comet, for example, at one time approaches the sun to 
within 66 millions of miles, and then recedes to the enormous distance of 
3370 millions of miles. At the time of its perihelion, or least distance, it 
passes through one heliocentric degree of its orbit in 15*7 hours, and receives 
m a given time 3600 times as much heat as when it reaches its aphelion or 
greatest distance, in which position its motion is so slow, that six years 
and a half are required for its passage through one heliocentric degree. 
Thus, it will be seen, that comets with eccentric orbits are subject to vio- 
lent changes of temperature and velocity which do not affect (to such an 
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extent) planets whose orbits approxiinate more closely to the circular 
form. 

In conclusion, it may be said that in the absence of a continuous supply 
of motive force, it is quite as difficult to reconcile a plenum with planetary 
regularity as a vacuum with the transmission of light and heat. 

* I am, Sir, yours obediently, 

JoHK Pbntboost, F.C.S, 
London, April 6, 1864. 
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LEAVES FROM MY AUSTBALIAN NOTEBOOK. 

BY THOMAS HABBISON, OF MELBOUBNE. 
NO. I. — CAPE SCriAKCK, ITS BASALTS AND CAYBS. 

This Spot, although harely, as the crow flies, fifty miles from Melhoume, 
is not easy of access. Its bold, precipitous, and iron-bound coast-line 
offers no harbours ; the district boasts of neither town nor township — an 
Australian name for a little village, just as a city in America may mean 
half-a-dozen tenements, — a few farmers till the rich soil of the neighbour- 
hood, and some three or four squatters have stations thereabouts; the 
traffic between such a place and the metropolis is small, and on its not al- 
together bad roads coaches are unknown. To proceed thither one must 
take his own or hired horse or vehicle, or he must go on foot. Adopting 
the latter alternative, the better plan will be to land at Schnapper Point 
or, supposing the steamer should be running, at Dromana. Tms, the last 
township on the route, is composed of some two or three houses, as many 
hotels, and a long pier, built apparently to accommodate the latter. Close 
adjacent, and the principal landmark near, is Arthur's Seat, a hill or 
mountain of some tnousaDd feet in altitude. This consists of a central 
granite mass, surrounded by Tertiary, Silurian, and Basaltic rocks. The 
ascent is easy and the height by no means great, but being situate on a 
sort of peninsula, the view from the mountain top is extremely fine, em- 
bracing, as it does, an extensive panorama of Western Port, Port Phillip, 
Bass Straits, and in one direction the vast spread of still uncleared land 
lying between the seacoast and the Australian Alps. 

In visiting the spot I was unable, during the short time at my disposal, 
to detect traces of the Tertiary deposits having been in the least disturbed, 
so that, although the surface of the adjoining district appears to have been 
alternately raised and submerged several times, the changes must have 
been brought about by movements in which the older granite and the 
newer strata alike participated. Descending from the mountain, the road 
lies for some miles further along the coast of the adjacent bay. In this 
part of the journey very little of the picturesque presents itself, the 
student of geology may, however, see in some measure how rocks are 
formed, by a carenil contemplation of the numerous sandbanks running 
along the shore ; and may, moreover, chance to find, stranded upon the 
•beach, more than one specimen of that representative of a bygone age^ 
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qo interesting to the student of oolitic and cretaceous fossils, the Cestra^ 
eion Philipsi, 

. Leaving the beach, in order to cross the peninsula at its narrowest part, 
the bush track to be followed leads over an extensive limestone district 
and an immense number of little hills, called locally '* cups and saucers," — 
a name derived from each hillock resembling a sort of rounded cup or 
basin turned upside down. A more tame or dreary bit of scenery can 
scarcely be imagined. In the valleys it is impossible to see twenty yards 
before you, and on the higher portions of the ground you see nothmg but 
the eternal round-topped nills, each so like its fellows, that, supposing the 
sun does not shine, one is certain to lose his bearings unless tne compass 
is constantly studied. What trees there are appear stunted and deformed, 
and in summer the scrub below is either parched up by heat or blackened 
by bush-fires. Ever and anon you come across a dilapidated hut, used, in 
the days of building speculation or a dearth of coals, as the abode of 
either a lime-burner or a wood-cutter ; but there is nothing very pleasing 
in the spectacle. Of streams of water there are none, although springs 
are said to be readily found at a very moderate depth. Being once lost 
hereabout for eight hours, with an empty pocket-nask, an unpleasant re- 
miniscence of a recent breakfast on salt meat, and beneath the parching 
Bun of an Australian summer, I have a most vivid recollection of the lo- 
cality, and the particular joy experienced when, like the soldiers of the old 
Grecian general, I was able to cry, " The sea I the sea !" and survey from 
the last dry " cup and saucer ** of the set or series the fine spectacle of 
Bass Straits rolling its giant waves lazily on the beach. 

The first thing striking the tourist on the Straits side of the peninsula 
is the number of sand dunes everywhere apparent. These are still in pro-^ 
oess of formation, stretching with a gentle slope towards the sea, present- 
ing a tolerably steep escarpment inland, looking the very pictures of 
desolation, bare as they are of all herbage, save where a few sand-reeds 
have taken root, or where some already half-buried tree stretches its few^ 
leaf-covered branches above the drifting sand. 

The limestone hereabout is remarkable for containing numerous con- 
cretions shaped like branches and roots. Settlers in the neighbourhood 
declare these to be petrified trees, long since buried as before described ; a 
belief in some degree borne out by the large number of trees seen to be, 
more or less, completely covered up in all directions by the ever-moving 
hills. Certainly the resemblance to petrified trees is exceedingly great, 
and down the centre of more than one of these bodies I have myself found 
running a small portion of decaying wood ; so that if the ligneous substance 
does not actually petrify, it may act as a sort of conductor, whereby water 
is guided througn the mass, cementing, in time, the grains of sand and 
comminuted shells into a stone harder than the surrounding rock. 

The wide extent of sandy beach and the friable nature of the limestone 
is hardly favourable to the development of very precipitous cliff's, and 
generally, even where the coast is highest, the ground slopes with tolerably 
steep descent towards the sea. After a time, nowever, a singular change 
in the cliff formation is apparent. A jutting headland is distinctly seen, 
in the distance, presenting its lowermost and basement stratum to the 
waves as a straignt and perpendicular wall of rock, whilst higher up there 
is the formerly observed sloping portion, the whole looking somewhat like 
the edge of a plank bevelled to the extent of half its thickness. This ap- 
pearance is the natural result of the lower portion being basalt and the 
tipper being limestone, similar to that before described. This diff, com? 
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BOAed of iEese two strata, rises m some places to nearly two hnndredfeet. 
Cape Schanck itself, a projecting tongue of land, is nearly of this altitude, 
and is surmounted by a lighthouse bearing its name, and towering up- 
wards for another fifty feet. 

Generally speaking, the cliffs are nearly impracticable for either ascend- 
ing or descenaing, but immediately eastward of the Lightiiouse Point the 
bualt suddenly dips, and the bottom of the limestone being but little 
above the sea-ley el, a slope is formed, by means of which descent is a 
matter of but little difficulty ; scrambling down this, the spectator finds 
himself in a little coye— dry, save during storms from the south-west — and 
which, from its cindery appearance, might be a sort of vestibule to Tar- 
tarus. At one place, where the cliffs are most perpendicular, is seen a 
small opening, which, explored, turns out to be the entrance to a eave, 
from whose roof depend immense stalactites of fantastic forms. It often 
happens that caves m volcanic rocks are the result of a fault, consequent 
on two streams of molten matter meeting and forming an imperfect joint; 
but the cave under consideration apparently owes its origin to a soft 
strata of basalt (presently to be alluded to), which being eaten away bf 
successive tempests and the percolation of land-springs, has left the cavity 
as at present. The stalactites are simply a deposition of lime gathered 
by water gradually filtering through the hmestone stratum by which the 
cliffs are surmounted hereabout. 

The force of water driven into waves by continued storms may be studied 
here with great advantage. Looking out from this solitary inlet, as sea 
after sea comes tumbling in, the scene is grand in the extreme. Bocks 
such as Martin loved to paint as foregrounds to his pictures, are here seen, 
alternately white with foam or black as some huge sea-monster shaking his 
dripping sides above the brine. Nor is the beautiful absent in this seques- 
terea spot. In sheltered nooks sea-anemones spread out their flower-lto 
tentacles, and troops of tiny, brightly-painted mollusca crawl lazily over the 
sea-washed boulders. Adown in crystal pools, left by the retreating tide, 
appears a bottom thickly covered with seaweeds of a hundred hues. 
Looking at these, one starts, perhaps from their propriety, a body of 
migratory crabs, who take tremendous "headers" downward into the 
limpid water, and hide in sore affright mid groves of fucoids. 

Just out at sea, beyond the slanting tongue of limestone by which the 
descent has been made, stands a solitary pillar of basalt fifby feet in height, 
and known as the pulpit rock. In these days of iron-clads and cupola- 
ships, looking at the mass from one point, it is not difficult to associate its 
peculiar form with that of a huge, half-submerged battery with a single 
turret. The mass of limestone, too, close adjacent, bears no slight resem- 
blance to the iron-roofed * Merrimac* Seen together, these two objects 
might reasonably be taken for the ' Monitor ' and her famed antagonist, 
which, meeting m deadly strife, were going down head first beneath the 
billows. 

Along the whole range of coast from the above spot to Western Head 
are scattered evidences of phenomena interesting to the geologist. In one 
spot a spring, after percolating the limestone rock and bubbling out from 
beneath the foot of the cliff, coats the shingle with calcareous sinter, and 
forms a conglomerate of basaltic pebbles, shells, and corals ; in another, 
masses of seaweed drifting ashore with stones entangled in their roots, show 
how portions of a distant rock may be transported and eventually (broppod 
on some deep sea-bottom where currents are unknown. Here there are 
eaves large enough to hold a hundired smugglers^ and close beyond a natural 
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arcb thafc might h&ve been built by gigantic Titans ; a little further, and 
there is a basaltic stack rivalling a cathedral in dimensions, or a lofty 
pillar, poised on a slender base, rears itself in some sheltered bay. 

Near Western-Port entrance, the basalt dips downwards into a sort of 
basin, in which a whitish Tertiary rock, looking at a distance like chalk, but 
Tory diflTerent in appearance from that rock when closely examined, has 
been deposited, and is literally built up of spines of Echinidse, shells of 
moUosca, and the broken carapaces of large crustaceans. The whole of 
these remains, with the exception of the spines, are much broken ; the 
latter are so well preserved that youths in the neighbourhood collect them 
to use as slate-pencils : for such a purpose they answer most admirably. 

About a mile westerly from this rock, the upper portion of the basalt 
having been denuded down to the water's edge, a pavement of hexagonal 
and peiftagonal blocks is displayed. These, the blocks, are of such regu- 
larity as to resemble a work of art rather than one of nature. Here, as in 
most portions of the district along the coast, the ' basalt is arranged in a 
manner which resembles stratification. First of all, at the sea-level, or 
near it, is a compact rock, sometimes columnar, although from its low level 
this feature is not particularly noticeable, unless, as in the case above cited, 
the ends of the columns are laid bare ; next there is a thin bed of red- 
ochrish clay, comparatively sofl and friable; and above, forming the 
summit of the dins, save where the limestone appears as a capping, is a 
thick mass of basalt, only rudely, if at all of a columnar structure. 

No idea can be formed of the extent downwards of this lower bed, it 
never having been passed through. The thickness must, however, be con- 
siderable, since basalt only assumes a crystalline form when collected and 
cooled in large masses. 

As a rough guess, I would suggest that the entire formation is the result 
of at least two outbursts of molten material, and that the clayey stratum 
referred to had collected either as scum and scorisB arising from the molten 
matter, or as detritus deposited thereon by aqueous agency. Over this the 
upper basalt was afterwards poured out. Subsequently the district sunk 
beneath the sea, allowing Tertiary rocks, after covering the whole, to be 
deposited ; last of all, the formation was raised to its present level, and the 
process of denudation commenced. 

This denudation would be greatly facilitated by the existence of the soft 
layer just referred to. On this the waves, as they do at present in eating 
out caves and arches, would act successfully. Once undermined to any 
great extent, the fall of large portions of cliff would be a matter of cer- 
tainty, and strewn upon the oeach as boulders and shingle kept in motion 
by successive surges, every fragment would act the part of a muller grind- 
ing and being ground to powder ; thus the talus would be cleared away, 
and the sea would be permitted once more to eat away the sofb and yiela- 
ing stratum. 

JUeflecting upon these phenomena, the mind is naturally astonished at 
the idea of a sea of molten materials stretching over an area of fully two 
hundred square miles. Nor is the subsequent wasting away and denuda- 
tion by waves and ocean currents, to the extent which becomes evident by 
a merely casual observation, one whit less startling. Basalt similar in 
mineralogical character, and of like geologic age, forms the surface-rock of 
Philip, is covered by a thin capping of Tertiary deposits in French Island, 
and overlies the Carboniferous strata on the adjoining mainland near 
Ghriffith Point. No one examining these several basaltic masses can 
doubt of their haying been once continuous. The yarious channels lead- 

•yoL. TII. 2 A. 
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ing to the ocean, together with the greater part^ of Western Port Bi^ 
itself, must have been literally cut out by the continaal influx and eflux A 
the tidal wave. Some of the difficulty may be avoided by supposing a soft 
strata undermined by the huge breakers of the Pacific, as previously 
alluded to, but even then the time necessary for accomplishing the re- 
quired result almost surpasses belief. Shingle in every stage of formation 
from fine sand to angular boulders, huge landslips whose &I1 must as- 
suredly have been of comparatively recent date, and rocky masses so under- 
mined as to render their speedy crumbling into a mass of detritus a matter 
of certainty, — all point to the same conclusion, that the disintegration of the 
indurate material has been solely the result of aqueous agencies long con- 
tinued. Still, both theory and fact alike declare the immensity of the 
period required to bring about the changes witnessed. The colonist re- 
members the shingly beach as ever shingle ; the mass of talus seems to have 
undergone no visible change ; and the rocks, whose bases are undermined, 
and whose stability thus seemingly destroyed, appeared just as near their 
dissolution when some adventurous circumnavigator left his vessel in the 
offing, and landed hereabout for the first time some century ago. 



PROCEEDINGS OF GEOLOGICAL SOCIETIES. 



SCHOOL OF MINES. — DB. PEBCY's LECTITBES ON CHEMICAL GEOLOGT. 

Lectueb III., December 17, 1863. — ^At our last meeting attention was 
especially directed to the subject of alumina, a base consisting of a metal 
termed " aluminium " and of oxygen. It exists extensively diffused through 
nature, and is the essential constituent of all clays, or, at all events, is an 
essential constituent of all clays. It exists in nature beautifully crystal- 
lized, and is then known as corundum. When coloured blue it is termed 
sapphire, when rod, ruby. Sometimes this corundum occurs opaque from 
the presence of impurities, and then we have it in the form of common 
emery. In the laboratory of the chemist, dried alumina is known simply 
as a white amorplious powder, excessively insoluble and infusible. Having 
described the physical and chemical properties of alumina, we proceeded 
then to examine certain methods by wnich it can be obtained in a crystal- 
line form. We will now pass on to consider further this part of our subject 

In the first place, the lecturer claimed attention to a singular and beauti- 
ful mineral ** staurolite," which has been prepared artiflcisdly. A word by 
way of caution. It does not follow that the methods by which we can pre- 
pare mineral matters crystallized in the laboratory, should be precisely 
those which nature herself has adopted on a great scale, though in many 
cases there is no doubt that the processes employed are reafly identical 
with those which nature herself has employed. Then, again, there is an- 
other very important point to bear in mind. The same mineral substance 
may be produced by methods entirely distinct. The well-known and beau- 
tiful mineral termed " felspar '* can be produced both by the agency of 
liquids at a tolerably high temperature, and also directly by igneous fusion. 
Specimens of magnificently crystallized felspar have been taken from far- 
naces, where there is no doubt about the mode of its production. And 
now for this mineral, staurolite, which is a silicate of alumina. We are in- 
debted to Deville for a singular experiment regarding the formation of this 
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mineral. It does not at all follow that his process should be exactly that 
which nature herself has adopted, but still it is remarkably illustrative of 
what may occur, and on that account is worthy of notice in detail. We take 
a porcelain tube, and place it vertically in a furnace. It is open at both 
ends, and we introduce through the upper part of the tube the gas, fluo- 
ride of silicon. At the top we have a layer of alumina ; then there is a 
layer of silica ; and so on in alternation — alumina, silica, alumina, silica — 
beginning with alumina, and finishing with silica. We will heat that tube 
to red-wniteness, and then note the result. The gas, fluoride of silicon, 
is a compound of fluorine and silicon. When it comes in contact with 
the alumina, a curious reaction takes place. A portion of the silica is 
deposited here, and we get the mineral silicate of alumina, a corre- 
sponding proportion of the aluminium displaced and volatilized in the 
form of fluoride of aluminium. It is important clearly to understand this 
part of the operation. You perceive that we bring fluoride of silicon in 
contact with alumina, that is, with a compound of aluminium and oxy- 
gen. A reaction takes place between those two substances at this tem- 
perature, whereby silicate of alumina is produced. The mineral, stauro- 
fite, happens to be this particular silicate of alumina, and fluoride of 
aluminium is evolved. Tnat descending, and coming in contact with the 
stratum of silica beneath, undergoes a change similar to that which the 
fluoride of silicon underwent in the first instance, and we get the same 
mineral formed in the second layer from silica as was formed in the first 
layer from alumina — in one instance by the action of fluoride of silicon, 
and in the other by the action of fluoride of aluminium. At the second de- 
composition there is fluoride of silicon evolved, which acts upon the alumi- 
nium below exactly as in the first instance ; and so it goes on in succession, 
and at length you obtain the tube full of the mineral staurolite — this sili- 
cate of alumina, and yet you have only employed a small amount of fluoride 
of silicon in the first instance to effect tnis transformation. Thus, by a 
small amount of this body, you can convert an indefinite Quantity of alu- 
mina and silica into this mineral. As much fluoride oi silicon finally 
escapes from the tube as entered it in the first instance. It is one of the 
most beautiful and striking experiments in the whole of this department 
of science. The staurolite produced in this way is crystallized. 

We pass on to a few remarks on another curious and important mineral, 
— ^namely, topaz. This is a compound, the precise rational composition of 
which does not appear to be very clearly understood even at the present 
time. It is essentially a silicate of alumma containing fluorine, but some 
doubt is entertained as to the exact mode in which that fluorine exists in 
the compound. 

Now, one might have reasonably anticipated that topaz might have been 

Produced in some such way as that just explained with regard to the pro- 
action of staurolite ; but, according to Devtlle, who tried the experiment, 
topaz cannot be so formed. There is, however, some little discrepancy in 
the statements which have been made on this point ; for Daubree states 
that it is formed by heating alumina to redness in a current of fluoride of 
silicon. We must wait for further information, seeing that these two 
chemists disagree on the subject. But if topaz cannot be so formed, a pe- 
culiar mineral termed " zircon," which is a silicate of zirconia (zirconia cor- 
responding in formula with alumina), may be produced in beautiful crystals 
when the fluoride of silicon is passed over zirconia. Take a tube contain- 
ing zirconia, and heat it to a good red-heat, or more than that, and then 
pftss over the gas fluoride of sihoon, and you obtain the mineral crystallized 
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— ^a silicate of zirconia. It occurs, Deville says, in octahedral crystals, and 
these crystals exactly resemble those of Monte Somma, in Vesuvius. He 
assures us that they nave the same faces, the same angles, and the same ex- 
ternal characteristics ; so that he concludes that it is almost certaui that 
they must have resulted from the same process — from the same operation 
of nre. Every mineralogist knows that certain specific minerals have pecu- 
liarities according to the locality, and these must depend upon certiun con- 
ditions attending their formation. Now, as these crystals of zircon possess 
such an assemblage of characteristics, we may reasonably admit that 
Deville's conclusion has something like a good foundation to rest upon. 
Then he further remarks, it may be demonstrated that the small (quantities 
of fluor existing in the metamorphic rocks, or rather beds of this kmd, have 
sufficed to form indefinite quantities of zircon. We shall, by-and-by, 
direct attention to the subject of fluor, which may have played a very im- 
portant part in the economy of nature, — a much more important part than 
many persons are yet disposed to admit. It is, as we shall see, a very 
widely-diffused element, though occurring only in small quantity. 

When the same experiment was made entirely with zirconia instead of 
alumina, the whole contents of the tube were completely transformed into 
zircon. Zircon occurs in rocks which, there is reason to believe, have been 
exposed to a tolerably high temperature. It occurs in the syenite of Nor- 
way, for example, replacing felspar ; so that the rock consists only of 
hornblende, zircon, and a small quantity of quartz; hence the rock is 
designated " zircon-syenite." 

The next mineral which it may be interesting to examine is the mineral 
termed " cryolite," which, in fact, forms a geological bed. It is an ex- 
ceedingly remarkable mineral, fusible at a comparatively low temperature. 
It is a compound of fluoride of sodium and mioride of aluminium. Its 
formula is SNaFl + AljFlg. It is an anhydrous mineral — ^that is, free 
from water. It contains about 13 per cent, of aluminium. • It is found in 
Greenland in a layer of gneiss, and in the vicinity of mica. According to 
Bischoff', there is a quantity of mica about it, which he supposes has played 
a very important part. The bed of cryolite is eighteen feet thick. Cryolite 
is associated with various minerals which undoubtedly are of aqueous 
origin. For example, iron pyrites— though certainly not prepared at a 
high temperature — copper pyrites, galena, and sparry iron ore, which cer- 
tainly never could have occurred at a high temperature, — these are the as- 
sociates of cryolite, and thev tell us the story of its formation. It is clearly 
produced by the agency of water as a solvent. It may be produced by 
melting together directly fluoride of aluminium and fluoride of sodium. It 
may also be formed in the wet way by digesting fluoride of sodium with 
excess of hydrochloric acid and common gelatinous alumina. 

Bischoff* supposes mica to have played a very important part as a source 
of fluorine, — indeed, as a source of fluorine in common fluor spar which we 
meet with in so many localities. 

The next subject for our consideration is one of considerable importance 
—of the highest importance ; it is that of calcium and lime. 

All lime, like alumina, contains a metallic base. Calcium, the base of 
lime, is exceedingly light, has a yellowish colour, is readily fusible, and 
exceedingly oxidizable, so that it is impossible to expose it to the air with- 
out its undergoing oxidation — contrary to what we have seen is the case 
with aluminium. Recently, some important experiments have been made 
by Wohler on the subject. He has discovered certain combinations of car- 
bon and calcium equivalent to those known in iron — in the form of pig iron. 
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It is with lime especially, and its compounds, that we hare to do. Lime 
is composed of one equivalent of calcium and one of oxygen. You are all 
familiar with the properties of lime — an amorphous body, white, or more 
or less coloured with impurity, and which, on the application of water, 
slacks ; that is, it absorbs water, the water enters into combination with 
it, and becomes solid, and on its passing from the liquid to the solid state, 
a large amount of heat is evolved. The lime falls to pieces, having become 
hydrated, or, in common language, slacked. It is slightly soluble in water, 
as every one knows, producing the well-known liquid called lime-water. 
When combined with water — for it must be hydrated — it unites readily 
with carbonic acid, forming carbonate of lime. 

Carbonate of lime is a mineral which occurs very extensively in nature, 
forming beds of chalk, limestone, and two very important minerals, namely, 
calcite and arragonite. Carbonate of lime is a compound of one equivalent 
of carbonic acid and one of lime. It is known in three distinct states. 
There is, first, the amorphous or chalk -like state : we will call it chalk. It 
is perfectly non-crystalline or amorphous. There is, then, the form of 
arragonite which occurs in prismatic crystals, and belongs to the prismatic 
system. The third form of carbonate of lime is that of calcite or calcspar, 
which is rhombohedral, crystallizing in the beautiful rhombohedral crystals 
with which every mineralogist is familiar. Arragonite varies in specific 
gravity from 2*93 to 301. This is a point to note. The calcite has a lower 
specific gravity, ranging from 2*69 to 2*75, so that not only in their crys- 
talline system, but also in specific gravity, are these two minerals distin- 
guished clearly from each other. 

The next point is the solubility of carbonate of lime. In treating this 
subject of chemical geology, the lecturer was selecting all those points 
which he conceived had a direct geological bearing ; and it is requisite to 
paj rather close attention, which, perhaps, may be considered tedious, to 
this part of our subject. One part of car Donate of lime dissolves in 1 10,000 
parts of pure water, in round numbers : it is 110,132 parts really. This car- 
bonate of lime dissolves to a much greater extent when carbonic acid is 
{>a8sed through the water, and it then forms what is termed bicarbonate of 
ime. One part of carbonate of lime dissolves in 998 parts of water con- 
taining carbonic acid, according to Bischofi; the carbonic acid being passed 
through the water for an hour. He has made several experiments upon 
this subject, which are remarkable. He finds that the solubility varies to 
a great extent with the nature of the carbonate of lime operated upon. 
Thus, 11*15 parts of chalk were dissolved in 10,000 parts of water by pass- 
ing carbonic acid through for an hour. He performed this experiment 
three times, and each time he obtained pretty nearly the same result ; 
but, when he tried the experiment with carbonate of lime precipitated from 
a salt of lime, passing the carbonic acid through for about the same time as 
he did in the experiments with the chalk, he found that 28 parts dissolved 
in 10,000 parts of water. There is another very striking statement, but 
which will require further corroboration. It is, that burnt muschelkalk 
dissolved to the extent of 135*3 parts in 10,000 parts of water, by passing 
carbonic acid through the water for an hour and a half. 

In passing, he would mention the fact, that when arragonite is exposed 
to a red-heat, it falls to powder ; and it was supposed for a long time that 
this powder consisted of minute rhombs of calcite. This, however, is 
denied by Gustave Eose, who contends that the powder is strictly amor- 
phous. 
. Let us now consider the mode of formation of arragonite, or the condi- 
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lions nnder which it maj be produced ; and, when we understand these 
conditions, we shall find that the information afforded will tend to elnci- 
date the formation of certain geological phenomena, especially with refer- 
ence to temperature. It will indicate to ns the temperatnre and oilier con- 
ditions under which rocks containing arragonite may have been formed. 

Arragonite may be formed by dropping common chloride of calcium in 
molten carbonate of potash or soda. The method is to melt the carbonate, 
and then drop in the chloride of calcium. Decomposition occurs, and 
chloride of potassium or sodium and carbonate of lime are formed. We 
owe to Gustave Bose several experiments upon this subject, which, thoo^ 
they may seem somewhat minute and tedious, are extremely important and 
interesting. In the molten state the mass is clear, but it becomes opaque 
and white on solidification. Upon washing the product with cold water, 
an amorphous carbonate of lime or chalk was produced. It was always 
obtained at first in minute microscopic globules, perfectly amorphous, or 
non-crystalline ; but Bose tells us that after twenly-four hours tne whole 
became changed into rhombic crystals of calcspar. That is a curious point, 
and the lecturer asked particular attention to the temperature of the WBier 
employed, and the degree of dilution, for all depended upon those two con- 
ditions. On the other hand, by boiling the product in water, instead of 
washing it with cold water, the globules are almost instantly changed, 
not into rhombs of calcspar, but into prisms of arragonite. This little dif- 
ference of temperature, then, is sufficient to effect this great change. These 
microscopic crystals of arragonite being left to cool in the water, become 
transformed into rhombs of calcite. He found that the same results were ob- 
tained by substituting chalk, arragonite powder, or calcspar, for chloride of 
calcium. Some experiments on tnis subject were made a long time ago b^ 
Becquerel, to whom we are deeply indebted for a great variety of experi- 
ments bearing on the subject of mineralogy. He was one of the first to 
take up the subject energetically. He formed arragonite by leaving plates of 
selenite or gypsum during several years in contact with a solution of bicar- 
bonate of soda of the specific gravity of 1*070. The result of the decomposi- 
tion was sulphate of soda and carbonate of line. The carbonate of lime pro- 
duced appeared in the form of crystallized arragonite. The crystals consisted 
of very acute double pyramids, base to base, thus producing a very acnte 
dodecahedron. The same result was obtained in a few days by heating to 
the boiling-point (100° C.) plates of selenite in a solution of bicarbonate of 
soda, saturated cold. The solution was contained in hermetically-sealed 
tubes of glass, and great pressure was given by a very ingenious artifice. 
There was no necessity in this case for raising the temperature of the glass 
very high to get the pressure. The pressure required was about Rve at- 
mospheres, and this was obtained bv half filling the glass with the solution 
in question, and then putting in a &w dn)ps of bisulphide of carbon, which 
is an exceedingly volatile body. It was inert, having no effect what- 
ever upon the solution, but it enabled him to get a pressure of five atmo- 
spheres at this low temperature. He telJs us that the crystals of arrago- 
nite which he thus formed were very distinct and very limpid, and in ten 
days they were Toryths of an inch on the side. 

These various points are apparently trivial, but in their application they 
may be of considerable importance, as what appear to be small things very 
often are. Gustave Bose found that, by leavmg a veiy dilute aqueous so- 
lution of carbonate of lime in excess of carbonic acid, freely eflcposed to the 
air, arragonite was formed. All depends upon the solution being very 
dilute and at the ordinary temperature. If a common solution of carbo- 
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nate of lime in excess of carbonic acid is thus left exposed, yon will got, 
not arragonite, but crystals of calcite. This is a remarkable fact. By 
heating a common solution of carbonate of lime-— that is, a solution con* 
taining the ordinary amount of carbonate of lime dissolved by virtue of the 
presence of carbonic acid — you get arragonite, and not calcite. An ordi- 
nary solution of carbonate of lime, or — what is equivalent — a much stronger 
one, gives calcite by exposure at the ordinary temperature ; and this same 
solution, when heated, deposits arragonite. If such a solution be evapo- 
rated in a platinum vessel, the residue contains carbonate of lime in all 
three forms, namely, the amorphous or chalk, arragonite, and calcspar. 
This is an important point. 

Having obtained these results, Eose then went on to investigate the pre- 
cise changes corresponding to different degrees of temperature. These are 
his chief results : — At 100 Centigrade — that is, the boilmg-point of water — 
the greatest part of the residue was arragonite in characteristic small 
prisms. At 90° the most arragonite was formed, and the crystals were 
larger than at other temperatures. At 70° the rhombic crystals of calc- 
spar predominated, and were accompanied by hexagonal plates and small 
stars of calcspar, imd the arragonite crystals were small. At 50° there was 
more calcspar, and the proportion of plates and stars, as compared with 
the rhombs of calcspar, increased. The arragonite crystals were thicker, 
and often bent or curved. At 30° no arragonite whatever was formed. 
The rhombic crystals of calcspar were comparatively large, and there were 
still some plates and stars, it is very remarkable that he should get these 
Tarieties oi deposit under these different degrees of temperature and solu- 
tion. All the arragonite occurred at a higher temperature than 30°, and 
the hexagonal plates of calcspar were formed at a lower temperature than 
70^. Cfucspar is always formed in solutions containing carbonate of lime, 
when carbonic acid is set free. By exposing in a warm place a well-stop- 
pered vessel containing a concentrated solution of carbonate of lime in cx- 
eess of carbonic acid, crystals of calcspar were deposited. 

Experiments were also made by Rose, with especial regard to the influ- 
ence of the degree of dilution, and so forth, upon the result. He took two 
ordinary small flasks— one containing a very dilute solution of carbonate 
of soda, and the other containing a duute solution of chloride of calcium ; 
he tied them together, and then immersed them in a cylindrical vessel of 
water. He left them under the water, and, in consequence of diffusion, a 
mixture took place with extreme slowness, the chloride of calcium mixing 
with the carbonate of soda. In this case, the result was the formation of 
arragonite ; and if the solutions were a little stronger, he then got calcspar. 
The conclusion, therefore is, that, under special conditions of dilution, ar- 
ragonite may be formed even at the ordinary temperature. 

In native arragonite a little carbonate of strontia is found frequently, but 
not always. Its maximum amount, taking a goodly number of analyses 
recorded, is stated at 2^ per cent. It ranges irom a trace to 2^ per cent. 
At one time it was supposed that the carbonate of strontia was a universal 
and essential constituent of all arragonite, and that this determined its 
crystalline form. That opinion, however, has been shown to be an error, be- 
cause we not unfrequently And arragonite free from strontia. A little water 
is also generally present in arragonite. The extremes given by a number 
of analyses are 0*17 per cent, and 041 per cent. Water is given as a con- 
stituent in all of tnem. Arragonite is deposited from hot springs, as at 
Carlsbad, where there is a well-known spring. It occurs also in gypsum 
at Molina, in Arragon, and at Dax, in the Landes. It is also found in ba- 
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Baltic rock in tbe serpentine rock in the Valley of St. Nicholas, in Pied- 
mont, in lavas in Vesuvius and Iceland, in beds of brown iron ore at 
Saalfeld, the Harz, and Stjria. 

We now come to the mmeral calcite, calcspar, or Iceland spar. This 
calcite is pure carbonate of lime. So far as analyses tell us, some speci- 
mens of Iceland spar are absolutely chemically pure. Sometimes they 
contain about one-half per cent, of water, and they not un£requently enclose 
foreign matters, such as copper pyrites and sand. 

Next, as to the formation of calcite. Calcspar, or crystallized carbonate 
of lime, crystallizes in the rhombic system. We have seen that it can be 
produced by means of water ; we will now consider its production through 
the agency of fire only. We have all heard of the famous experiments of 
Sir James Hall ; they were commenced in 1798, and the results were com- 
municated to the Itoyal Society of Edinburgh. He informs us that he 
took amorphous carbonate of Imie, or chalk, and by exposing it to a high 
temperature under considerable pressure, he succeeded in converting it into 
saccharoidal limestone, like Carrara marble. The lecturer had had an op- 
portunity of seeing one specimen prepared by Sir James Hall, and he most 
say that the result did not strike him as conclusive. But now for the evi- 
dence. He enclosed carbonate of lime in gun-barrels, and resorted to vari- 
ous expedients of plugging those gun-barrels, such as plugs of soft metal, 
and so forth. He then exposed a portion of the gun-barrel to a high tempe- 
rature, taking care to arrange the tube horizontally in such a manner that 
the plug of soft metal should not be melted ; and he obtained a hard sub- 
stance like limestone after having exposed chalk to these conditions. He 
says, '* My first application of this scheme was carried on with a common 
gun-barrel cut on at the touch-hole, and welded very strongly at the breech 
by means of a plug of iron. Into it I introduced the carbonate, previously 
rammed into a cartridge of paper or pasteboard, in order to protect it from 
the iron, by which, in some former trials the subject of experiment had 
been contaminated throughout during the action of heat. I then rammed 
the rest of the barrel full of pounded clay, previously baked in a stroDg 
heat ; and I had the muzzle closed like the breech, by a plug of iron welded 
upon it in a common forge, the rest of the barrel being kept cold during 
this operation by means of wet cloths." This gives you an idea of one of 
his experiments. Then he comes to the use of fusible metal. He employed 
tubes of glass. It is desirable particularly to examine the evidence upon tUs 
subject, because it is one on which much stress has been laid. The lecturer 
did not wish to question unnecessarily the accuracy of Sir James Hall's 
conclusions, but he might remark that the carbonate of lime being heated to 
a high temperature in contact with glass, the result would be altogether 
vitiated, and the crystallization could not be said to depend merely upon 
the outward conditions to which the substance was exposed. We find that 
in other experiments he used small quantities of carbonate of lime in cwh 
tact with silica and clay ; but the presence of these two bodies would very 
much modify the result. In other experiments he used borax, and that 
again would altogether vitiate the result. Therefore, the conclusions 
drawn from these experiments are unworthy of being received — at all 
events, without further evidence. He tells us that in several cases the 
material which he obtained, although resembling crystalline limestone, fell 
to pieces on exposure to the air. That, however, is not the property of 
crystalline limestone. No doubt the investigations of Sir James Hall were 
conducted with perfect honesty and candour, and they must have involved 
a great deal of expense ; but, as far as we know, recourse was never had 
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to chemical analysis, and without that no result ought to be received. In- 
deed, Sir James Hall himself confesses his deficiency in chemical know- 
ledge. He tells us that in various experiments he got a product in glass- 
like drops which were semi-transparent, and this clearly proves that the 
carbonate of lime operated upon could not have been pure. Having care- 
fully gone over these experiments, the lecturer had no hesitation in stating 
that ne considered them to be unsatisfactory. " By the lens," he says, 
" this same surface was seen to be glazed all over, though irregularly, 
showing here and there some air-holes. In fracture it was semi-transpa- 
rent, more vitreous than crystalline." Last of all, he uses platinum, to 
obviate the effect of the iron. The effect of the iron would be to act as a 
strongly reducing agent upon the carbonic acid by the formation of car- 
bonic oxide, and the tendency to decompose the carbonate, would, of course, 
"be facilitated by reasons which are well known to chemists. 

it appears after all that Sir James Hall obtained some results which 
would certainly lead us to believe that, by the application of a strong red- 
heat, carbonate of lime would acquire a crystalline structure ; but it is ex- 
ceedingly desirable that these experiments should be repeated with all 
possible care, that the question may be cleared up satisfactorily. No 
doubt they would involve considerable expense ; but if proper care were 
taken, and proper apparatus employed, there is no doubt that we should 
obtain something like very decisive results. The Hall experiments extended 
over several years ; but, looking at the results, he could not feel that confi- 
dence which seems to be generally reposed in them. Some years ago, 
Gustave Rose took up the subject, and came to the conclusion that Sir 
James Hall had been entirely mistaken ; but more recently he has come 
to an opposite conclusion. JBut Eose*s experiments are by no means so 
conclusive as they might be. In his recent experiments, which are pub- 
lished only this year, and will be found in the 118th volume of Poggen- 
dorTs Annalen, by employing a wrought-iron vessel, electro-plated with 
nickel, and capable of being closed, — so avoiding the contact of iron at a 
high temperature with the carbonate of lime operated upon, and, conse- 
quently, the reducing action of that metal on the carbonic acid of the car- 
Donate of line, — he succeeded in changing arragonite into a substance 
having the characteristic appearance of Carrara marble. The experiment, 
he tells us, was conducted in a Siemen's gas-furnace — that is, a furnace 
capable of sustaining a long-continued and high temperature. A closed, 
tinglazed porcelain vessel was employed, and exposed to a white heat 
during half an hour ; and he informs us that under these conditions a piece 
of lithographic stone became greyish- white in fracture, and, under a lens, 
was found to be finely granular. The product was analysed, and con- 
tained — lime, 56*61 ; magnesia, 0'41 ; carbonic acid, 42*37 ; residue, 0*45. 
Pure carbonate of lime contains 56 per cent, of lime and 44 per cent, of 
carbonic acid : what wfCs the undetermined residue ? The presence of a 
small amount of silica might make a considerable alteration in l;he result. 
After carefully examining the way in which Rose's experiment was con- 
ducted, it appears to me inconclusive. It is obvious that there could have 
been no sensible degree of pressure. The porcelain vessel was not in the 
least injured, so that the temperature must have been much below that 
which we can now command — as, for instance, in the fusion of platinum. 
It is most desirable that we should have some further investigation on the 
subject. The British Association might take up the question with advan- 
tage ; they have funds at their command, and it would be exceedingly de- 
sirable to settle this important point once for all. 

VOL. VII. 2 B 



186 THE GSOLOGIBT. 

What we call carbonate of lime in nature — ^take even the purest marble 
— is not pure. At one time the lecturer was anxious to investiffate this 
point, and he went to a sculptor and obtained numerous varieties oi marble,, 
out in not one of them did he fail to detect alumina. Chalk is an impure 
body, and the presence of foreign matter might altogether modify the re- 
sults of eTOcriments made with it. There is, for example, a well-known 
variety of nre-brick, which consists almost entirely of silica. Upon taking 
hold of it, you wiU find that it is a hard, solid, enduring brick. You maj 
ask, ** How could you get this silica to unite so as to form a hard brick P 
For a long time it was kept secret : it was done by the intermingling of a 
very smaU proportion of lime, which caused the formation of one soUd 
brick ; and it is very possible that foreign matters might be present, and 
modify the result of experiments made on the crystallization of carbonate 
of Kme. We ought to appeal to chemical analysis to inform us what we 
are doing. It is vain to rely upon experiments where chemical analysis is 
not brought into use, or we may be led into serious error. 

The ne xt q uestion we shall have to consider is, the derivation of lime in 
nature. Wnat ready source of carbonate of lime is there in nature P Ac- 
cording to BischofiT, in his valuable and compendious book on chemical 
geology, it exists in the so-called Plutonic rocks in combination with 
silica, forming silicate of lime ; and this compound is decomposed by water 
containing carbonic acid, even when in mechanical suspension in the water. 

Dublin Royal Society. — January 18. — Mr. E. J. S/eynolds read a 
paper " On Spectrum Analysis." In the latter part of his discourse, the ap- 
plication of the method of spectrum-analysis to the examination of minenus 
was treated of. In examining refractory minerals in order to obtain the 
characteristic spectra of the metals contained in them, the author employs 
a peculiar fonn of gas-jet, which is essentially a Herapath's blowpipe-jet 
urged by a current of steam rendered acid by hydrocliloric acid. The 
steam-jet should never be so powerful as to blow the test specimen off the 
platinum wires. By this means the decomposition of many minerals is 
effected without having recourse to the previous action of ordinary che- 
mical agents upon them, as has been hitherto necessary in preparing them 
for examination in the spectrum apparatus. The discussion of the real aid 
to be derived from the application of the spectrum analytical method to 
mineral analysis was then entered upon, and Mr. Reynolds expressed his 
belief, on experimental grounds, that the various spectra materially inter- 
fered with each other, notwithstanding the statements of MM. Bunsen 
and Kirchhoff and others to the contrary ; and he showed that the presence 
of a considerable proportion of sodium and barium compounds, in a mix- 
ture of salts of dinerent acids and bases, serves to completely mask or in- 
tercept the spectra of lithium, potassium, strontium, and calcium when 
present in comparatively small quantities. After discussing this portion 
of the subject at some length, the author expressed his belief that the me- 
thod of spectrum -analysis, as it now stands, beautiful and delicate though 
its indications are, must be looked upon rather as a useful aid to the or- 
dinary analytical process than as a method of analysis perfect in itself 
under all conditions. Mr. Reynolds concluded by observing that he has 
hitherto been unable to find any traces of rubidium or caesium in any Irish 
minerals ; but thallium was found in three specimens of copper-pyrites 
from different portions of the Knockmahon mines, Bonmahon, co. Water- 
ford, and in one specimen of the same mineral from Bally dehobb mine, co. 
Cork. The amount of the metal present in every case was extremely 
minute. 
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ItoTAL Instittjtign". — Fehmot/ry 26. — The Friday evening lecture was 
** On the Quaternary Flint Implements of Abbeville, Amiens, Home, etc., 
their Geological Position and History." By Joseph Prestwich, F;B.S. 
—Mr. Prestwich remarked upon the imputation of rashness, and even of 
credulity, which discoveries such as that of the flint implements often en- 
tailed upon geolo^sts. He contended that geologists were, on the con- 
trary, generally disposed to be incredulous. At one time they believed 
that fishes were no older than the Carboniferous strata ; that reptiles first 
appeared during the Liassic period; and that mammalia could not be 
traced beyond the Tertiary strata ; and it was a long time before they were 
satisfied that fishes go back to the Silurian, reptiles to the Carboniferous,* 
and mammalia to the Triassic period. And so with man. Ten years ago 
there was scarcely a geologist m this country who would not have deemed 
the occurrence of the works of man in any beds older than the recent al- 
luvium impossible. The discoveries made by Tournal and Christol in the 
south of France, thirty years since, of the remains of man associated with 
those of extinct mammalia, were rejected by geologists unanimously ; nor 
were the analogous discoveries of Schmerling in Belgium more favourably 
received ; whilst Frere's remarkable notice, so far back as 1797, of the dis- 
covery, at Hoxne, in Suffolk, of flint weapons mixed up with the bones of 
large extinct animals, was allowed to lie dormant for sixty years. 

Even so late as 1855, a communication by the Torquay Natural History 
Society, respecting the occurrence of worked flints with the fossil bones in 
Kent's Cave, — a fact already, years before, noticed by the Kev. Mr. 
M*Enery and by Mr. Godwin-Austen, — was deemed, by the Geological 
Society, too improbable for publication. 

Mr. Prestwich doubted whether, prior to 1858 and 1859, there were 
twenty men of science in Europe who would have admitted the possibility 
of the contemporaneity of man and of the extinct mammalia. He in- 
stanced Dr. Grant as one of the small number who, on abstract principles, 
treated the question as an open one. He also noticed the tone of confi- 
dent disbelief with which the asserted occurrence of flint implements in 
certain geological deposits in the Somme valley was spoken of when he 
made inquiries respecting this subject in Paris in 1856 and 1857, and 
which for a time turned him from the inquiry. Such instances might be 
multiplied. The speaker did not bring them forward as indicating any 
perverse opposition, but to show how reluctant geologists were to abandon 
the belief generally held on this subject without the clearest proofs, and 
close and careful search on their part. Such, he remarked, is the inevit- 
able progress of all discovery. Facts deemed contradictory to received 
theory are often long rejected, some as clearly failing in proof, others as 
non-proven. Evidence is hesitatingly received, and has to force its way 
through a resisting stratum of incredulity ; but, as in the searching re- 
sistance offered by close tissues in the separation of mercury from its 
dross, that portion which passes through issues the brighter and[ purer the 
more difficult the transit, and the stronj^er the pressure exercised. 

Allusion was then made to the distinguished palfflontologist, Dr. Fal- 
coner — one man of science at least in this country with whom the convic- 
tion that the remains of man might be traced back to periods greatly 
antecedent to our ordinary records, had grown, during a long course of 
years, from probabilities suggested by Eastern research, into certainly es- 
tablished by extensive investigation among the European fossil-bone 

* Possibly to the Old Red Sandstone. 
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oaves. Beferrrinff to bis late exploration of Brixham Care in 1858, the 
attention which me well-oertified discoyery of flint implements in un- 
doubted association with the remains of extinct mammalia and of reindeer 
attracted amongst geologists was remarked upon. The speaker visited 
the cave in company wiu Mr. Pengelly, and was much struck with the 
force of the eyidence, though, for various reasons, he considered that caye 
evidence alone was not sufficient. Urged by Dr. Falconer to go and exa- 
mine the geological evidence respectinj^ the flint implements in the valley 
of the Somme, he afterwards paid his long-intenaed visit to Abbevilb 
(where he, on the very first day, was fortunate enough to find three 
worked flints at Menchecourt.) He was joined, on me next day, at 
Amiens, by his friend Mr. John Evans. The geological evidence, and the 
character of the flint implements, satisfied them both that here again was 
an undoubted case of contemporaneity of the works of man with the 
remains of the extinct mammalia. All the author has since seen on many 
subsequent visits to the Somme valley, sometimes alone, but more fre- 
quently in company with other geologists, has tended to confirm his first 
opinion. He then proceeded to notice some of the phenomena he had 
seen, and to give his conclusions respecting them. He had intended 
to have described the several localities in France and England at which 
flint implements had been found, but found that time would not allow his 
going beyond Amiens. This was the less important, as Mr. Lubbock had 
so recently given an able account in the same room of most of these 
places ; and his auditors were probably most of them acquainted with the 
more general account given by Sir Charles Lyell in his recent work on the 
* Antiquity of Man.* 

Mr. Prestwich then went on to describe the remarkable discovery of 
M. Boucher de Perthes, and how much honour and credit were due to 
hira for his untiring perseverance, in face of general discouragement, for 
a period of twenty years, and for twelve years after the publication of his 
elaborate work, *Antiquit^s Celtiques et Ant^diluviennes.* Incited by 
this work, Dr. Bigollot, an antiquary of Amiens, discovered flint imple- 
ments in great numbers near that town ; but his careful memoir on the 
subject, although it attracted the momentary attention of some French 
geologists, was allowed to drop comparatively unnoticed. Geologists ad- 
mitted the antiquity of the beds, and antiquaries admitted the workman- 
ship of the implements ; but neither would own to a conjoint interest and 
behef in them. 

Before entering upon the details of the sections, Mr. Prestwich pro- 
ceeded to make a few remarks upon the conditions under which the mnt- 
implement-bearing beds were found, and how their importance and the 
time they represent were to be judged of. He observed that sea-formed 
deposits afibrded massive and tangible monuments of the length of time 
required for their accumulation. But on land time passes, and builds no 
such monuments of its duration. The sand and shingle beds of a rapid 
river would be little, if at all, thicker now than a thousand years ago, wr, 
instead of accumulating in the channel of that river, they are incessantly 
removed, and carried eventually out to sea, where they contribute to the 
formation of the great sedimentary deposits constantly going on there. 
The time represented by river deposits (apart from the recent silty alluvia) 
is not therefore to be measured by their thickness ; and we must not at- 
tach the less importance to the beds containing the flint implements, be- 
cause, being formed by river action, they are necessarily small, fragmen- 
tary, and superficial. But while in the sea the accumulation of matter 
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lui6 formed a illative meftsttfe of time, on land the extent of denudation 
Tesnlting from the removal of a portion of that matter supplies an obverse 
seale. In the former case the lapse of time is chronicled by constantly 
aocroing deposits, whereas in the latter case the deposits cannot exceed a 
certain thickness. They are constant quantities, ana their dimensions are 
no measure of their age. The only test of their age consists in their or- 
ganic remains, and in tne depth of the valleys below the terraces on which 
portions of them are lodged. In speaking of river action, the author does 
not refer to the slow and sluggish streams of this country, but to the more 
active streams of countries of greater rainfall, or to old conditions of 
former periods. 

Mr. Prestwich then proceeded to refer to a large pictorial section of the 
celebrated pit at St. Acheul, near Amiens. The artist had not visited 
Amiens, but had skilfully contrived to give a sufficiently accurate repre- 
sentation of the town and valley, for the purpose of showing the general 
relation which the ground there bore to the surrounding district. The 
details of the pit were, however, all given from actual survey by the 
speaker. The surface of the ground at the pit is 100 feet above the level 
of the Somme, which flows in the valley at the foot of the hill. The 
valley itself is about one mile broad. The hills on either side, rising to a 
height of 200 to 300 feet, consist of chalk, with a few and distant cappings 
of Tertiary strata. 

On platforms of various breadths, generally on the top of low hills ad- 
joining the valley, patches of gravel occur at intervals more or less long 
from the lower to the upper end of the valley, whilst a more connected 
series of gravel beds skirts the base of the valley. The chief portion of 
the valley is, however, occupied by alluvial beds, beneath which the last- 
mentioned gravels, with their brick-earth, pass. 

The higher level gravels rarely contain organic remaius. The pit at 
St. Acheul affords a singularly good example of these beds, and is unusu- 
ally rich in organic remains, and also in flint implements. 

The section exhibits : — Feet. 

1. Brick-earth (Loess) without organic remains 10 to 15 

2. A variable bed of whitish, marly sand, with numerous 

freshwater and land shells of recent species, and a few 
mammalian remains 3to7 

3. Variable beds of subangular flint gravel — some white, 

others ochreous and ferruginous. Numerous fossil 
hones &nd fli^t implements, and a few shells as above, ir- 
regularly dispersed throughout ^ to 14 

These beds repose upon a base of chalk. The site having been long oc- 
cupied as a Gallo-Eoman cemetery, the upper brick-earth is intersected 
with pits and graves, — in some there are stone, or rather hard chalk, cof- 
fins, whilst in others the nails and ironwork alone remain, the wood hav- 
ing entirely decayed away. These portions of disturbed ground are 
easily recognized oy their darker colour, their contents, but more espe- 
cially by the break they produce in the stratification of the beds. So long 
as the ground is undisturbed the lines of the brick*earth, the lamination of 
the sands, and the rough bedding of the gravel are continued in horizontal 
planes without break. Any interference from above breaks these lines 
and mixes the difierent beds, and renders the disturbance at once apparent. 
In the absence of any such indications it is to be assumed the fossUs and 
the flint implements are in undisturbed ground. 

The flint implements are found scattered irregularly through the gravel. 
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but they are more nmnerons in the lower part. It has been eslunated 
that there is one implement to one cubic yard of gravel. They occur 
singly, and, as far as we know, lying flat. The spot where one was found 
in situ by Mr. Flower was pointed out in the section, and also the spot 
where the speaker and Mr. Evans extracted one. These worked flints 
partake of all the mineral characters of the ^avel — ^the result of omitem- 
poraneous deposition. Some retain their original dark colour, others are 
stained yellow and brown ; some haye their outer surface converted to a 
bright wnite ; many are encrusted with thin patches of carbonate of lime; 
and many again e:diibit dendritic markings, — ^all heins conditions in per- 
fect harmony with the mass of broken subangular nints composing the 
body of the gravel, of which they are, in fact, component parts, showing 
one and the other like characters of ago. Several hundred specimens 
of flint implements from this pit have passed under the speaker s inspec- 
tion; thirty selected specimens were exhibited, showing the principal 
forms which prevailed, and in which the workmanship and design were 
most apparent. Few can feel any doubt who inspect a series of this na- 
ture. It is not so much evidence of art and skill that we look for, but 
primarily of design. The speaker did not dwell on this point, which is 
now generally accepted. It has been well treated by Mr. Evans and 
others. 

The fossils consist of perfect and uninjured, though very friable, land 
and fresh- water shells in the following proportion, and of bones, mostly 
broken, and teeth of the following animals. The list is necessarily only a 
sketch. 

Fauna of the Quaternary Qravels of the Somme Valley, 
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ANIMALS. 

Elcphas primigenius. 
Elephas antiquus. 
Rhinoceros tichorhinu8. 
Hippopotamus. 
Ursns spelscus. 
Tlysena spelsE^. 
kFelis. 
^Cervus 

(2 or more species). 
Bos 

(2 or more species). 
Equas 

(2 species). 



SHELLS. 

14 species of land shells. 

9 species of marine shells (Abbe- 
ville only). 

21 species of freshwater shells. 

All these are of species living 
in France, and all but one 
in England, except the Cy- 
rena fluminalis, now living 
in the Nile and Central 
Asia. 



Proceeding to interrogate the section with a view to determine the 
causes which led to the formation of these beds, the nature of the climate 
which then prevailed and their age, the following conclusions were de- 
duced : — 

1. The mineral ingredients of the gravel are chiefly broken flints de- 
rived from the chalk of the district in general, but with these there occur 
fragments and blocks of Tertiaiy sandstone and Tertiary fossils, which 
could only have come from places ten to twenty miles higher up the val- 
ley. Therefore the agency, whatever it was, that brought the debris here 
must have proceeded in a direction down the present valley, the Tertiary 
ddbris being found along that line as far as the sea. Further, the cause 
could not have been a general one extending beyond the present hydro- 
graphical basin, for none of the older rock ddbris from the valley of the 
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Oise, which is only separated by a watershed six miles broad from that of 
the Sorame, passes from it into the latter valley. 

2. The presence of freshwater shells in some of the intercalated beds, 
many such as live in clear and rapid streams, indicates a probable fluviatile 
origin for these deposits. 

3. The mammalian remains and land shells give evidence of diy land. 
The occasional occurrence of bones in the position they hold durmg life 
shows that the carcases and limbs of animals were dropped into the old 
shingle before they were freed from their integuments, or within a short 
time after death, whilst the perfect state of preservation of the land shells 
is an indication of their not having been transported far. 

All these characters tend to prove that these beds are to be referred to 
old river action. This, however, must have taken place when the river 
occupied a level about 100 feet higher than it docs now. It is true that 
similar gravels, containing similar mammalian remains and also flint im- 
plements, occur at lower levels (forty feet) in the valley, whence it is in- 
ferred that similar causes were in operation when these also were de- 
posited. But it is plain that the two could not have been deposited at the 
same time. For the deposition of the high-level gravels on the supposi- 
tion that tlie valley had oeen previously excavated, would have required a 
river at some times filling a channel more than a mile wide and 100 feet 
deep— a state of things not to be accounted for under any circumstances. 
The alternative therefore of a river flowing at the higher level and gradu- 
ally excavating its channel is adopted. 

The character of the climate may be inferred from the fauna. Tho 
land and freshwater shells are of species now living in France, but they 
also range as far north as Russia, Finland, and Siberia. They are there- 
fore such as, though occurring in temperate climates, are capable of exist- 
ing in high northern latitudes. The animal remains furnish more positive 
testimony. The woolly mammoth and rhinoceros were fltted by their 
coating to endure the rigours of a cold climate, such as Hussia and Sibe- 
ria, where their remains abound, and where they seem to have fed on ve- 
getation common to such latitudes. A species or tiger now lives in Central 
Asia, and is often tracked and hunted down in the winter on the snow and 
frozen lakes of that region. The reindeer, of which we have the remains 
in the valley of the Somme, and the musk ox, which occurs in the same 
deposits in the valley of the Thames, indicate still more clearly the north- 
ern tendencies of this group. There is a difficulty about thie hippopota- 
mus, but the elephant and rhinoceros originally presented the same diffi- 
culty ; and there seems no reason why in this case also the extinct species 
should not be found to have been fitted to live in a severe climate. 

These conclusions are corroborated by the physical phenomena. Mr. 
Prestwich pointed on the large section to numerous blocks of sandstone 
but little worn, and varying in weight from half to five tons, which could 
hardly have been carried and deposited, as now found, by water alone. 
He also showed various contortions in the upper beds of gravel (whilst the 
lower ones were hardly disturbed), and in the laminated sands overlying 
them. These he attributed to ice-action. The blocks, to transport from 
places higher up the valley on ice-floes at the breaking up of tiie ice in 
the spring, and the contortions to the grounding of ice-floes on the soft 
sand and loose gravel, impinging into them and piling up the gravel, as 
DOW occurs on the banks of some of the Canadian rivers. He pointed es- 
pecially to the pendent masses of brick-earth isolated in the upper part of 
the sands, and which he attributed to angular masses of ice brought down 
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in flood time, grounding on the brick-eaiih and jibing a portion of it 
into the underlying beds of sand, where, as the ice gradiuiliy melted, it 
would be left, caught, and squeezed in by the sand pressing itself into 
place again. 

The two classes of evidence are, therefore, conformable. It is in har- 
mony also with the existence of the large beds of brick-earth or loess 
overlying the gravel, and which is, doubtless, the deposit of the old river 
during floods, usual in a severe climate at the time of the melting of the 
winter snows. The winter climate may probably have been as rigorous as 
that of Northern Eussia or Northern Canada. Such a climate would not 
be any bar to the presence of man, whose works are found in these old 
shingle beds. It is true that none of his remains have yet been foimd in 
these deposits, but they are found in caves of the same age. The abun- 
dance of animal remains is the almost inevitable consequence of a country 
subject to great river-floods, by which large numbers of animals are always 
destroyed and swept down ; man, on the contrary, guards against such 
risks. Along the iSorthem American rivers of the present day, although 
the remains of the buflalo and other animals occur in profusion, the re- 
mains of man are scarcely ever met with. There is every reason to expect 
that this further and desirable proof may be forthcoming at no long 
distance of time. 

Lastly, the speaker stated that the present river Somme only carries 
down fine silt and mud, whereas the old river transported large masses of 
coarse shingle ; therefore, it is to be inferred that the old river was one of 
much greater power than the present one. During floods especially its 
power must have been very great ; with greater transporting power the 
river would possess greater excavating power ; at the same time the dis- 
integration of rocks, especially such soft rocks as the chalk of this district, 
produced by severe cold, combined with the effects of ground ice lifting 
up from the bed of the river large (juantities of the shingle, would hasten 
the deepening of the valley. As it deepened, terraces of shingle have 
been left at places on the slopes. It may be difficult to imagine a river 
with so limited a collecting ground fllling a valley a mile wide, but this 
the speaker supposes to have been the case only during floods, and that 
the ordinary channel of the river was very much smaller. He instanced 
a case in India where Dr. Hooker mentions a river ^ hich was only eighty 
yards wide when he crossed it, but which, after the rains, covered a 
channel three miles wide, and ran ten to twelve feet deep. The melting 
of the snow in the spring produces the same result in arctic regions as 
heavy and continued rains m southern regions. 

Mr, Prestwich next exhibited a diagram to show what he conceived to 
be the different phases of the phenomena, from the period when the beds 
of St. Acheul were formed, until the valley assumed its present form and 
dimensions. The plan, which was formed of a series of superimposed sec- 
tions, showed — 

1. The old river during the deposition of the shingle and sand hanks of 
St. Acheul. — In this the bed of the river was occupied with large shingle 
banks, which were left dry during the time the river was low. Mr. Prest- 
wich supposes these to have been resorted to by early man, in consequence 
of the number of large flints they contained, for making flint implements 
on the spot. Tliis may be one of the reasons why they are so numerous 
at St. Acheul, which was show n to be one of those old shingle banks pre- 
served from that time. Ice-floes dropped large blocks of sandstone into 
the shingle. A space shut off* in part by a shingle bank would account for 



PBOCEEDINaS OF GEOLOGICAL SOCIETIES. 193 

the more tranquil accumulation of the middle sand-beds of St. Acheu], 
and for the more numerous shells living there undisturbed. During flood, 
the river rose probably to a height of twenty to thirty feet above its ordi- 
nary level, as shown by the brick-earth (without gravel) deposited higher 
up the hHl on the road to Cagny. The next stage showed — 

2. The gravel beds of St. Acheul after they were Irft d/ry, except during 
Hoods. — Here the valley had been excavated to sever^ feet below the level 
of the St. Acheul beds, but during floods the river still extended over 
them and deposited the brick-earth. Ice-floes pounded and indented the 
upper beds of sand and gravel, causing contortion of the strata. 

3. The river at the time of the formation of the low-level gravel beds of 
St. Soch and Amiens. — The vaUey had now deepened to the extent of fifty 
to sixty feet below the level of St. Acheul, and the low-level gravels of 
St. £och were deposited under similar conditions, only that ice-action is 
not 80 strongly marked. It is in these beds that the remains of the hip- 
popotamus first appear. The flint implements found in them are of a 
somewhat difierent type to those of the higher level gravels. The flake 
form is more prevalent. 

4. The low-level gravel of St. Roch, left dry except during floods. — 
Here we have a repetition of the same state of things as found at St. 
Acheul; the shingle being covered up during floods by brick-earth or 
loess. 

5. The valley at the present period. — The progress of excavation shows 
the valley deepened to its full extent. The river has lost its old power, 
its flood waters now rising only two to three feet, and its channel being 
restricted within a very narrow compass. The old and rough channel left 
at the end of the Quatemaiy period is covered to the depth of ten to 
twenty feet by fine alluvial sou and peat. All the great pachyderms have 
become extinct, but the reindeer, bison, and great fossil ox survived 
during part of the more modem time. Almost all the small and i^agile 
land ana freshwater shells have continued in uninterruped descent to the 
present day. This fact seems almost conclusive against any general cata- 
clysm havmg passed over the surface. This concordance oetween the 
physical features and the contemporary life, and the capability the hypo- 
thesis here oflered gives of explaining each and every one of the pheno- 
mena, affords strong presumptive proof of its truth. 

Before concluding, Mr. Prestwich observed that he might be expected 
to say a few words respecting the age of the flint implements. Two ques- 
tions were involved in this, — one the length of time elapsed since the 
clope of the period of the extinct mammalia ; the other, how far back into 
that period the flint implements can be traced. In the description of the 
sections, it had been previpusly pointed out, that the Quaternary period 
could probably be brought down immediately to the time when our valleys 
began their modem accumulation of silt and peat. The period of time, 
therefore, first to be measured is that which has been required for the for- 
mation of these latter deposits. On this point there is considerable dif- 
ference of opinion amongst geologists. The occasion did not aflbrd time 
to enter into the details of the question, and the speaker therefore con- 
tented himself with an expression of opinion offered with reserve. He 
considered that more time and better data were required to make a sure 
estimate ; nevertheless, he was satisfied that the evidence, as it exists, 
does not warrant the extreme length of time so frequently supposed. The 
recent alluvia covering the latest Quaternary deposits of our valleys are 
rarely more than forty feet thick, in most cases not more than twenty 
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feet. The rate of accumulation, though it may often be slow, is very va- 
riable. A Eoman road in the valley of the Lea was found covered by 
two feet only of alluvium. Another such road in Cambridgeshire wm 
covered with five feet of alluvium. The entire depth of the alluvium was 
not, however, ascertained in either case. M. Kozet gives another instance 
of a Eoman road, which he considers to have been kept in repair until 
about the eighth century, traversing the valley of the Dheune. its nayed 
and even surface is now covered by twelve inches and a half of alluvial 
soil. A little lower down the valley this alluvium, which is very uniform, 
has been ascertained to be about thirteen feet thick. This he estimates 
would have required for its accumulation about 10,000 years. The allu- 
vial soil reposes there immediately on the so-called diluvium. The rapi- 
dity with wliich the alluvial soil will accumulate under favourable condi- 
tions is often very much greater. In places, thick beds of alluvium and 
of peat have been formed since the Eoman occupation. Looking at these 
facts, and at the general fact, that as a rule, in the valleys of the Somme 
and of the Thames, for example, the Eoman, British, or Gaulish remains 
are found at a depth from the surface bearing a considerable proportion 
to the entire thickness of the alluvium, the probability is, that the com- 
mencement of the alluvial deposits is not to be carried back indefinitely. 

One reason for believing tne accumulation of the silty alluvium of our 
valleys to have been more rapid at one time than now is, that these val- 
leys, left rude and rugged at the end of the Quaternary period, would be 
subject to more frequent floods until their inequalities were filled up and 
levelled. Mr. Prestwich concluded by observing that for these and various 
other reasons he was confirmed in the opinion he expressed in 1859, that 
** the evidence, as it stood, seemed to me as much to necessitate the bringing 
forward of the extinct animals towards our own time as the carrying baclt 
of man in geological time." In making that observation, he had chiefly 
in view the distance of time at which the last of the great extinct mam- 
malia disappeared. If there should have been, between the modern 
valley alluvia and the latest Quaternary beds, some intervening period of 
time of which we are ignorant, that distance may be materially prolonged. 
If, on the contrary, they followed in immediate succession, — and he 
thought we have evidence that such was the case, for there seems rea- 
son to believe that some of the large pachyderms still existed at the 
commencement of the alluvial period, wnilst we know that many of the 
ruminants lived on uninterruptedly from one period to the other, — he did 
not, for his part, see any geological reasons why the great extinct mam- 
malia should not have lived down to comparatively recent times, possibly 
not further back than 8000 to 10,000 years. 

"But this only brings us to the threshold of that dim and mysterious 
antiquity in which first appear those rudely- wrought flints — those evident 
works of design — those palpable shadowings of man. Here our chrono- 
logy fails us ^together. If we look at our broad and long valleys, and 
then at the comparatively small streams now winding through them, and 
suppose these streams to have been the same in past times as they now 
are, we could hardly avoid the conclusion that the time required to pro- 
duce such excavations with such means must be almost incalculable. Eut 
if the view here proposed be correct, it woidd follow that with rivers so 
large in proportion to those now occupying the same valleys, with floods 
of a force now unknown in the same districts, with a cold so severe as to 
shatter the rocks and to hasten the removal of their debris, we should 
have, I contend, agencies in operation so far exceeding in power any now 
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acting in these countries, that it is impossible to apply the same rules to 
the two periods. The changes described must have progressed with a ra- 
pidity 01 which we, at the present day, can in these latitudes hardly form 
an adequate conception. 

" But, although I would shorten the Quaternary period by the extent of 
the differences here alluded to, it still remains of great length and import- 
ance, stretching back into a far remote antiquity, and it is far into this 
period that we nave traced these works of man. Although at present we 
are without a scale or measure to determine that antiquity, we need not 
abandon the hope that, by continued and careful observation, we may 
eventually succeed in forming some comparative estimate of it. The first 
men who, after traversing the plains of Lombardy, approached the Alps, 
could scarcely have failed to realize their vast dimensions, although with- 
out the means to determine their exact height ; so we, from the relative 
magnitude of the phenomena and the variation of life, can sufficiently well 
realize the remoteness of the time in question, although we do not possess 
the data whereby to measure its duration, and determine its exact dis- 
tance from our own time." 

Royal Geological Society op Ibeland. — April 13. — The Eev. 
the Vice-Provost of Trinity College, President. 

The President announced that as the change in the constitution of the 
society, which was announced on the notice-paper for the evening, might 
necessitate some slight change in the bye-laws, he would request that any 
gentleman who had candidates to propose for the honour of Fellowship of 
the society would mention their names, so that they might be balloted for 
at the next meeting. 

The following names were then proposed: — A. Gahan, Esq., C.E. j H. 
Hussell, Esq. ; E.. T. Brabazon, Esq. ; E;. Glascott Symes, Esq. ; and 
Sandford Palmer, Esq. E. H. Ellis, Esq. was proposed as an Associate. 

Mr. Scott read the following report from Council : — The idea has been 
frequently mooted within the last few years, that it would be advisable to 
have the name of the society altered, so as to make it the Geological 
Society of Ireland, as the title Geological Society of Dublin appears to 
confine its labours to the immediate vicinity of this city ; whereas by the 
original resolution, passed in 1832, its objects were so defined as to em- 
brace the whole of Ireland. In addition to this change, several influential 
members were of opinion that the addition of the word " Eoyal " to its 
title would be of great importance, as indicating that her Majesty was 
disposed to recognize its labours. The council accordingly, at tlieir meet- 
ing on the 17th of February, appointed a sub-committee, consisting of the 
Eev. Professor Haughton, with the treasurers and secretaries, with full 
powers to act as they thought best. The sub-committee drew up a 
memorial, which was suitably engrossed, and they requested the following 
members to sign it : — The Earls of Enniskillen, Banaon, and Dunraven ; 
Lords Talbot de Malahide and Dunally ; Sir E. Griffith, Bart., with the 
President. They further requested Lord Talbot de Malahide, as a former 
President of the society, to nave the kindness to forward the memorial to 
the Home Office, and they enclosed with it a complete copy of the Journal 
of the society for her Majesty's acceptance. The council have the honour 
to submit the reply which her Majesty has been graciously pleased to 
return to their memorial ; and they cannot but, in the first instance, con- 
gratulate tie society on this proof that their labours during the past year 
have been appreciated, as they would consider they deserve to be ; and 
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secondly, express a' hope that the fact of the recognition of this body as 
the " Koyal Geological Society of Irehmd " may incite tiie Fellows to still 
further exertions in the cause of their favourite science. In condnsion, 
the council desire to tender their most sincere thanks to Lord Talbot de 
Malahide, to whose kindness they consider themselves mainly indebted 
for the successful issue to which their application has been brought 
They would also express their warmest acknowledgments to Mr. Booert 
Mallet, F.E.S., who, though no longer resident in Dublin, is still unremit- 
ting in his interest in the society, of which he has been so long a dist^- 
guished member, and whose unceasing exertions in regard of this special 
accession of dignity to it have at last been cro\med with success :— 

«* Whitehall, March 28, 1864 
" My Lord, — I have had the honour to lay before the Queen the petition, 
transmitted in your letter of the 17th instant, of certain members of the Gteolo- 
gical Society of Dublin, on behalf of that Society, and I am to inform your 
Lordship that her Majesty has been graciously pleased to comply with the prayer 
of the petition, and to signify her desire that the Geological Society of Dublin be 
henceforth called * The RoyiJ Geological Society of Ireland,' and that the mem- 
bers thereof be styled * Fellows of the Royal Geological Society of Ireland.' I 
am commanded by her Majesty to convey to the Society her thanks for the copy 
of the Journal of their proceedings, forwarded by your Lordship, which has be^i 
placed in the Royal Library at Windsor. — I have the honour to be, nnrjr Lord, 
your Lordship's obedient servant, (Signed) " G. GsET. 

" The Lord Talbot de Malahide." 

Mr. Ormsby read a paper on " A Polished and Striated Surface in the 
Limestone of Ross Hill, County Gal way." On the Midland Railway, 
between Galway and Oranmore, there is a low range of hills, over which 
the line passes nearly at the surface of the ground. Some time since it 
was thought expedient to lower the road here to improve the gradients. 
When the surface clay was removed, a large portion of the top of the rock, 
for upwards of three hundred yards in length, was found to be brightly 
polished, grooved, and striated. Several borings were then made in the 
fields on each side, and different results obtained ; but they all showed 
that the surface of^the limestone beneath was smoothed and polished over 
a very considerable area. In various places in the rock were deep grooves, 
as if a plough had been driven over it, the cuts having in some cases sharp, 
jagged edges and a bold outline, — in others, soft, gentle slopes, like ripple 
marks on a sandstone. These deeper grooves and the principal stris 
were in a direction nearly parallel to the railway, or magnetic east and 
west, while a series of minor striations run north-east and south-west. The 
former seem to be due to the violent rubbing of ice, most probably in the 
form of a glacier, and the latter may be ascribed to the subsequent action 
of the drift. 

Mr. Jukes said that the society was indebted to Mr. Ormsby for the 
care with which he had investigated the subject, to which his own attention 
had been drawn by Mr. Ormsoy in the course of last winter. He had 
lately visited the locality himself, and he could only say that the pheno- 
menon was much more striking on a large scale than could be supposed 
from the inspection of a hand specimen. Surfaces fifty or sixty yards in 
length were laid bare, quite smooth, and dipping at a uniform angle of 
about half a degree. These smooth surfaces had been covered with clay, 
and their appearance was very different from that of surfaces which had 
been long exposed, showing how the erosive action of the air destroyed the 
markings of the direct action of ice. He (Mr. Jukes) did not know whe- 
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ther the polish was supposed to be produced by ice itself or by the clay 
beneath movina: ice, an aj^ency whicn would seem to him to have been ne- 
cessary. At all events, from the gently undulating character of the coun- 
try, it would seem that the ice did not belong to local glaciers, but more 
probably to a large sheet covering the whole surface of the district. In 
connection with this subject he would mention that his friend Dr. Mel- 
ville, of Galway, had expressed the opinion that in the neighbourhood ot 
that town they bad the Irue " boulder clay " of Scotland, while in the east 
of Ireland the superficial deposit had been subjected to a considerable sift-. 
ing action, which had changed its character. The general opinion at the 
present day is that this boulder clay is not aqueous drift, but consists of 
the debris of rocks ground down on dry land. Not far from Galway he 
had observed a sanay clay full of boulders, so compacted together as to 
form a sort of conglomerate, in parts almost stratified, which had been 
probably formed by the pushing action of the ice slipping from the land 
to the sea. 

The Secretary read a paper by W. Harte, Esq., C.E., " On a New 
Echinoderm from the Yellow Sandstone of Donegal." The fossil which I 
have the honour to bring under the notice of the E^yal Greological Society 
of Ireland, and of which I request their acceptance for their museum, was 
obtained by me lately in making a road on the western shore of Lough 
Eske, about six miles from Donegal. The specimen is a cast in the yeUow 
sandstone, the markings being in an unusually good state of preservation. 
The shape is orbicular---depre8sed, — the base is wanting, and the cast seem^ 
to have yielded h^ pressure and is spread out, somewhat of a bell-mouthed 
shape, though this has been effected with very little distortion or disar- 
rangement of the plates. The interambulacral spaces are composed at 
the lower extremity of the fossil of five rows of plates, and it is probable 
that they exceeded, that number at the base. The two rows next the am- 
bulacra are pentagonal except the upper plates, which are nearly trian- 
gular. The other three rows are hexagonal, very irregular, and nearly all 
become obsolete before reaching the ambulacra. These hexagonal plates 
are almost smooth, or at least only marked by very minute tubercles, of 
which, I think, traces can be detected. The genital and side pentagonal 
plates are very different. The genital plates have each a large perforate 
tubercle, as in Archseocidaris, surroimded by a depressed ring; and this is 
again surrounded by a ring of about sixteen pores. Of the rows next the 
ambulacra the first plate (counting downwards from the apex), which is 
nearly triangular, has a small tubercle. The rest of the plates in this row 
are all pentagonal, and both they and the tubercles increase in size down- 
wards. The second, fourth, ana seventh plates have each one large tuber- 
cle, surroimded by a depressed ring, ana this again by a circle of very 
small tubercles. The third, fifth, and sixth plates are quite plain. The 
foregoing description applies to all the interambulacral spaces, so that thus 
we have a series of concentric circles in the pentagonal rows at increasing 
distances from the apex down. The ambulacra are large ; the perforations 
are situated in two depressions, and consist of three rows of two each (six 
rows in all) in each ambulacral depression. Three small plates cover each 
space, and there are two perforations in each plate. Four of the ambula- 
cral plates equal in depth one of the side plates. The dividing ridge shows 
the ambulacral plates well, having one small tubercle in each. A detached 
portion of either this same, or oi another of these specimens, appears on 
the same stone close to it, showing the plates of the ambulacra very dis- 
tinctly. There are no traces of any spines that I can see in this fossil, un- 
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like the fossils of ArchsBOcidaris to which I shall preBently allude. This 
specimen appears to have been stripped of its spines before being buried 
in the sand. I have, however, fonna in the same bed, and near Uie same 
place, a few detached plates and the casts of what appear to be spines. I 
also find traces of larj^e plates in some of the friable shales near it Tbe 
fossils associated with this specimen are not numerous. I have sent op t 
good specimen of Psammodus porosus from the same bed. In the lime- 
stone which underlies the sandstone there are a great abundance of fossils, 
of which by far the most characteristic are remains of Archfieocidaris, whieli 
occur in the greatest profusion. They are found in groups of plates and 
spines ; nearly all of these groups present more or less the same assem- 
blage of hexagonal and pentagonal jjlates, the former tubercled, with na- 
merous spines both smooth and muricated, giving the idea that each of 
these groups represents the remains of one or more of these animals as 
they fell to pieces. In no case do I find among these any pentagonal 
plates provided with tubercles like those of the cast in the sandstone ; and 
accordmgly differing, as it does, from both Falsechinus and Archseocidaris, 
I think that there can be no doubt that it is a new addition to the Echino- 
derms of the carboniferous period. — The paper was illustrated by a carefnl 
drawing of the specimen on an enlarged scale, for which the society was 
indebted to the kindness of Mr. Bailey, who, on being called on by the 
President, observed, that in his opinion the fossil belonged to the genus 
Archeeocidaris, but was certainly a new species. He was led to this con- 
clusion from the fact that the whole family of the Cidaridse presented an 
appearance like that shown on the specimen, viz. that the plates exhibited 
one large tubercle. In the more recent specimens all the plates were ta- 
bercled, while in this Palaeozoic fossil the tubercles only appeared on a 
few of them. He would only observe, in conclusion, that the society owed 
a great deal to Mr. Harte, by whose care and diligence this fossil had been 
discovered and laid before them, like many others which they had received 
from the same locality within the last few years. 

Mr. Emerson Reynolds then read a short communication upon ** Thalli- 
ferous Pyrites, from Ballydehob, county Cork.** He said that he had ex- 
amined several Irish ores for this element since he had laid his last notice 
on this subject before them in 1863, but that the present specimen was the 
only one in which he had succeeded in discovering thallium, and here only 
in small quantity. 

Geological Society. — Jpril 13. — 1. "On the Geology and Mines 
of the Nevada Territory." By Mr. W. Phipps Blake. — In describing the 
physical features of the country, the author observed that it is an elevated 
semi-desert region, composed of a succession of longitudinal mountain- 
ranges i?\ith intermediate valleys and plains, the most abundant rocks 
being metamorphic and igneous ; but Tertiary strata and Carboniferous 
Limestone also occur. 

The author then described the hot springs, which are extended alon^ a 
line of fissure in a granitic rock, and parallel to the mountains, and which 
deposit silica in an amorphous and a granular state, sulphur being also 
seen in the cracks and cavities of the siliceous deposit. He considered 
these phenomena to illustrate the formation of a (juartz-vein in a fissure. 

Mr. Blake then gave an account of certain mmeral veins in porphyry, 
which yield sulphurets of silver (including crystals of Stephanite, but very 
little ruby silver) and a little gold ; also galena, copper pyrites, iron 
pyrites, and a little native silver, the veinstone being a friable quartz. The 
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prevailing direction of the veins was stated to be nearly north and south ; 
and the author remarked that they were richer in gold near the surface 
than at greater depths. 

2. "On the Red Eock in the Section at Hunstanton." By Mr. 
Harry Seeley, F.G.S., of the Woodwardian Museum, Cambridge. — The 
physical structure of the rock was first considered, and it was snown to 
be divisible into three beds, the uppermost of which is of a much lighter 
colour than l^e rest, the middle being concretionary in structure, and the 
lower sandy. These three beds, with the overlying white sponge- bed, 
were considered to belong to one formation, and were treated of in this 
paper as the Hunstanton Kock ; but the thin band of red chalk some dis- 
tance above was considered, though of similar colour, to be quite distinct, 
as also was the Carstone below. 

Mr. Seeley then showed that near Cambridge the Shanklin sands and 
the Gault have both become very thin, so that there is a great probability 
of the latter being unconformable to the beds above as well as to those 
below. He considered the lower part of the Carstone to be of the age of 
the Shanklin sai^ds ; and as the chalk is not unconformable to the Hun- 
stanton rock, he concluded that the latter could not be the Gault, but must 
be the Upper Greensand, — a conclusion which he afterwards showed was 
supportea by the evidence of the fossils, and the occurrence of phosphate 
oflime. 

The seam of soapy clay which separates the Hunstanton rock from the 
chalk was supposed to have resulted from the disintegration of a portion of 
the former, tlie red colour of which the author endeavoured to show was 
due to Glauconite. 

The upper part of the red rock of Speeton was thought to be possiblv 
newer than that of Hunstanton, and perhaps to represent the time which 
elapsed between the formation of the latter and that of the band of red 
chalk. 

In conclusion, Mr. Seeley remarked that as the phosphate of lime is con- 
fined to Bed No. 2, and as many individuals of Gault species occur in Bed 
No. 3, while others of a chalk character are met with m Bed No. 1, it is 
very probable that the Hunstanton rock is a more typical example of the 
Upper Greensand than is seen at Cambridge, and ma^r represent also those 
periods which separate that formation from other divisions of the Cretace- 
ous system. 
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On some Mammalian Ebmains fbom the Neighbotjbhood of 
Vienna. By Dr. Zittel. — A beautifully preserved upper jaw of Anchu 
therium Atirelianense has been found in tne brown coal of Leiding, near 
Pitten (south of Vienna). Since the late Mr. Partsch some years since 
stated the occurrence of this remarkable species in the Neogene limestone 
of Brack, on the Leitha (south-east of Vienna), it has not been found within 
the basin of Vienna. The jaw under notice, an inferior tooth from the 
marine sands of Grossbach, and an upper tooth from the brackish " Tegel " 
of Nussdorf (west of Vienna), prove this animal to have occurred in each 
of the three periods during whicii mammalia made their appearance within 
the Vienna basin. 

On some Uppeb Cbbtaceotjs C(eloptychia. By Director Homes. — 
Mr. Grotrian, of Brunswick, has presented the Imperial Museum of 
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Vienna with a series of five species of this genus of Spon^aria (CobIo- 
ptychium agaricoides, Groldf., C, decindnumy Hoem., C, incutwum, !Roein., 
C subciferum, £oem., and C, lohatum, Goldf.)f all of them beautifully 
preserved and prepared with uncommon care. These fossils occur near 
Vordorf, two hours* distance north of Brunswick, in a mass of Upper Cre- 
taceous Limestone, which at places appears through the uniform diluvial 
deposits characteristic of the extensive plain of North Germany. JBelem- 
nitella mucronata, D*Orb., B.quadrataf D'Orb., Micra^ter corangmnum^ 
Lam., and Ananchvtes ovata. Lam., are the characteristic organic remains 
in this limestone. Coeloptychia are not exclusively confined to the upper or 
Belemnitella-horizons of the Cretaceous deposits. The rarest among them 
are C. incisum, C, sulciferum, and C lohatum. 

On the Baybbuth Sandstones. Bv Professor Giimbel. — These sand- 
stones, remarkable for the abundance of fossil vegetable remains preserred 
in them, are equivalent to the bone-bed strata of W iirtemberg. They are, 
in every locality hitherto known, invariably overlaid by the normal lowest 
Liassic strata, with Ammonites angulatus, Thalossites, etc. These pas- 
sage-beds, which are neither decictedly Keuperian, nor j)roperly Liassic, 
would be best distinguished from both by the special denomination 
" B.hffitic division." 

On some Neogene Fossils fbom Tbansyivania. By Chev. Fr. 
Bitter von Hauer. — Mr. Bang has presented to the Museum of the Im- 
perial Geological Institute a series of organic remains from the argillaceous 
spheerosiderite of Biharcz falva (Transylvania), metamorphized into brown 
hydroxide of iron. Among them are many specimens of a Congeria (C 
triangularis, Fartsch), and a cast of a Paludina (P. Sadleri, Partsch), 
proving once more the lignitiferous and ferriferous basaltic breccias of 
Transylvania to be geologically equivalent to the Neogene Cerithian strata. 
(Proceed. Impl. Geol. Instit. Vienna, May 19 and Dec. 1, 1863.)* 

* The above notes are commanicated by Count Marschall, of Vienna. 
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Popular Geoloai/ of Darlington. Bj B. T. Manson, Vice-President 
Naturalists* Society. * DarhogtonTimes * Office, 1864. 

This little work is in pamphlet form, containing thirty-two pages ; and 
consists of six articles, originally written for the * Darlington and Stockton 
Times,' in 1860, which, having been altered and enlarged, are now re- 
printed. The first chapter is devoted to the " Bulmer stone," in North- 
gate — a famous granite Doulder ; the second, to the quarries near Sheldon 
station, worked m the " Stinkstein " and Fermian beds ; the third, to the 
coal strata of Thukley and Sheldon ; the fourth, to the great "Whin Dyke ; 
and the fifth, to the Trias of Darlington itself. An appendix, giving the 
localities for fossils, is added ; and acknowledgments to Mr. Howse, of 
Sunderland, Mr. Janson, of Darlington, Mr. Edward Wood, of Richmond 
— the last of whom possesses a most valuable collection of fishes from the 
locality described — brings this useful, instructive, and popularly written 
work to a close. Such local books can but induce to spread a taste for re- 
search and the collecting of fossils. We hope the sale will remunerate the 
author and publishers. 
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THE PEIMAET TKANSLATION OF THE EARTH. 

By the Editoe. 

Ik reference to the correspondence on my speculations in tlieoretical 
geology and astronomy which have been printed in this Journal, I wish 
to take this opportunity of saying, that if in the cases of the Bev. O. 
!Fisher, p. 64 in this volume, and of Dr. Leslie, p. 295 in Vol. VI., I 
have inserted such comments on any of the physical hypotheses to 
which from time to time I have given expression without replying 
to those comments, that I do not therefore acknowledge my opponents 
to be right, nor, on the other hand, do I intend to pass them over 
slightingly as wrong, or as unworthy of attention. I simply thought 
it best not to get into controversy while my own ideas were being 
enunciated. I cannot, however, concur in the Eev. O. Fisher's views 
as to the possibility of the earth's velocity, if initial primarily, being 
maintained, nor of a larger orbit for our planet being a result of any 
retardation of her motion. I am well aware of Kepler's law referred 
to, and I have my own opinion both of its value and its application. 
Mathematics may derive a result from a given basis, but mathematics 
never yet gave birth to a basis of facts. That two added to two 
make four may be mathematically demonstrated, but no amount of 
mathematical reasoning would prove four to be derived from two and 
two. It is evident it might have been derived from 8 + 1, or 1+1 -h 
1 + 1. Just so if the orbital velocity of our earth had been imparted 
to it by explosion, by condensation, by any projectile force whatever, 
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its tendency of motion must have first been in a straight line ; and as 
the projectile-force would have been greater at its origin than after 
ages upon ages of retardation, the earth would therefore primarily 
have had a greater antagonistic force to the attraction of the sun, and 
the higher the centrifugal force, the greater the expanse of her orbit. 
The more we twirl a mop the more it spreads, and no amount of Kepler's 
laws, or anybody else's, would get oyer the physical fact, or convince 
people against their eyesight or their senses. Astronomers must 
make their calculations and predictions upon definite forms, such as 
circles, ellipses, parabolas, parallelograms, and so forth. They must 
assume these if they do not exist — and they do not. But there is no 
astronomical calculation rigidly correct, and the slightest deviation 
is fatal to the doctrine of the permanence and fixity and unalterability 
of the celestial mechanism and planetary motions. There is no such 
fixity. All is change everywhere through boundless space — slow, 
elaborating, perfecting; altering, changing, destroying — change- 
like life and death — everywhere without exception. 

To return to the point asserted, that ** if the distance of a planet 
from the sun be increased, the velocity in the orbit will be di- 
minished.'* If the velocity of the earth be due to a primary projection, 
that projection could not have been circular ; there is no such force 
as circular projection known. We cannot shoot round a corner even 
with a bent gun. Therefore if the earth's orbital motion be due to 
any original projectile-force, the primary direction of the earth's 
course must have been direct ; and this normal course can only have 
been turned into a circular revolution round the sun by the sun's 
superior attractive power. If, then, the superiority of the sun's at- 
tractive power over the earth's direct motion be increased by the 
diminution of the original projectile-force through ages of slight re- 
sistance by the ether of space, then the ever4ncreasing difference of 
that superiority will ever and ever be reducing the orbit into closer 
and closer proximity to the central attracting sun. Thus therefore 
it is evident that if the world acquired its orbital motion, or rather 
its translation through space, by any explosion, or condensation of ne- 
bulous matter, or any other source of projectile-force, its orbit must 
be a constantly increasing or a constantly, diminishing spiral. It is 
quite evident also that if the earth did possess any given and definite 
initial velocity, that velocity mu^t remain the same, unless afiected 
and diminished by the resistance of the medium through which it 
travels. If one hundred miles a second were the initial velocity of 
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the earth, removing the earth's orbit to the confines of celestial space 
could nob increase that velocity by a mile, an inch in a second, if the 
resisting medium remained the same. The force that started gave 
the velocity, and the earth must get an additional kick, so to speak, 
while running, to have its orbital velocity increased. Now force acts 
equally in all directions ; and if a grain of gunpowder were exploded 
in mid air, it would blow out in all directions alike. So if any ex- 
plosion or explosive condensation of nebulous matter took place in 
space, it would act in all directions alike ; it would be a sphere of 
explosion, or a globular result from the condensation of matter within 
a given spherical area of space. The motion -of such an explosion 
would be like sunlight radiating in every direction ; the motion pro- 
duced by such a condensation would be exactly the reverse, or like 
the crushing in-rush of air into an exhausted globe of glass — an in- 
coming to a central spot from all around. Neither explosion nor 
condensation in space could give rise to projectile-force ; and if there- 
fore this tv^orld was formed by the condensation or the explosion of 
nebulous matter, neither that condensation nor that explosion could 
cause the translation of our resulting earth from one part of space to 
another. There could be no projection of a world in space without a 
wall or fulcrum of denser space for the projecting force to act against. 
A cannon ball could not be projected from an open tube ; the gases 
of the gunpowder in the cannon act against the breach and find a 
fulcrum there. Where are gases exploding in open celestial space to 
find a wall of resistance that shall give the explosion a projectile- 
force ? We cannot conceive. Neither explosion nor condensation 
therefore could give rise either to direct or to revolutionary orbital 
motion round the sun ; it is impossible. It even seems more natural 
to seek for the causes of planetary orbital motion in motions of the 
ether of space. The incandescence of the sun must put any ethereal 
matter surrounding it for millions upon millions of miles around in a 
state of intense vibration. If the sun be in combustion — and spec- 
tral analysis shows it to be — oxygen or some other combustion-sup- 
porting gas must, one would fancy, be constantly indrawn towards 
it ; while the heated and unburnt particles of the ether of space, or of 
the products of combustion, would as constantly be driven out into 
space. Might there be thus produced in the circumambient area 
around our luminary constant in-settings and out-settings of gaseous 
particles the friction of which against a free spherical planet might 
effect a rotatory motion of it ? If so, would the length of day and 
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night depend on the strength of these settings ? If the supply of 
fire-supporting gases swept in grand spiral currents to the central 
burning sun, would the planets float in these currents in spiral or- 
bital revolutions ? Then^ indeed, Kepler's law would hold good that 
the further from the sun the slower the orbital motion. But with 
an original projectile velocity that result could never happen. 



FOSSIL BIEDS. 
£t the Editob. 

{Continued from page 53.) 



It is certainly very much out of stratigraphical order to jump 
from the fossil bird-remains of the Stonesfleld Slate to those of the 
Tertiary beds of the Paris basin ; nor is such a step in any accord- 
ance with historical order. "We are simply compelled to take it, 
through the necessity of saying a few words in explanation of certain 
plates which have been issued with the previous numbers of this 
volume. The gap, however, in the historical series is not so very 
wide ; and it is by no means useless in this place to run over afresh 
the review which the great Cuvier made of the labours of his prede- 
cessors. A section of vol. iii. of his famous work, * B-echerches sur lea 
Ossements Fossiles,' published in 1812,* was devoted to the remains 
of birds. " Naturalists," he begins, " are agreed that, of all animals, 
birds are those whose bones or other relics are the most rarely found 
in the fossil state. Some even absolutely deny that any have ever 
been met with ; and indeed, by one of those singular accidents re- 
served for the beds of gypsum of our neighbourhood, there are 
scarcely any other well-preserved fossil bones of birds than those 
they have furnished." He then, to show the correctness of this 
statement, and the then recent knowledge even of the fossil birds of 
the pldtrieres of Paris, glances over the statements of Walch, Her- 
mann, Camper, Blumenbach, Faujas, Lamanon, Gesner, Luid, Wal- 
lerius and Linnaeus, Bavila and others, the accounts of most of 
which have been already given in our previous articles. 

" Walch, he savs, " had met with several ; Hermann added others. 
Their indications serve us as guides, without however exempting us 
from going to the original ; for the first deceives himself many times 
in spite of this precaution.'* Conrad Gesner, he observes, early de- 
clared that the stones named after birds, such as the hieracites and 
the perdicites, had no other affinity with them than resemblances of 
colour ; but " rude figures of birds," he adds, " accidentally traced in 
coloured stones, certainly do not properly belong to the Omitholites, 

* We qaote from the 5 th edition, published in 1835. — S. J. M. 
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any more than stones or pebbles having some sort of similitude to 
parts of birds, such as the * cock ' of Agricola and the * hen ' of My- 
lius, imprinted on the schist of Illmenau. Other authors have also," 
he continues, " regarded very gratuitously as Ornitholites some fossil 
bones, merely on account of their lightness and slenderness, but which 
a very slight examination would suffice to prove those of fish, small 
quadrupeds, and sometimes even to be parts of shells and crusta- 
ceans.*' 

** Thus the sulcata littoralis rostrata of Luid (Lith. Brit. t. 17) appears 
to me but the extremity of the dentated spine of the fin of some fish. 
The * beaks ' of the environs of Weimar and Jena, of which Wallerius 
and LinnsBUS speak, are only, according to Walch, who has been in that 
country, but superficial resemblances. Eom. Delille, in the Catalogue of 
the Cabinet of JDavila, cites a beak from the environs of Eeutlingen (Cat. 
iii. p. 225), which has been adopted by LinnsBus, and a bone from Cron- 
stadt, which appeared to him to be a fowl's ; but his * beak' seems to be only a 
bivalve shell showing itself obliquely at the surface of the stone. If it 
were a true beak, it differed promgiously from all that we now know of 
existing birds ; and as to the bone, there is neither description nor figure 
in his work. Scheuchzer speaks (Mus. Dil. p. 106) of a bird's head in a 
black schist of Eisleben ; but he adds immediately, that ' one might also 
take it for a gjilly flower,* — quite sufficient to judge it bjr. Others (Lesser, 
LitkothM., Wallerius) quote the description of the environs of Massel by 
Hermann, as if he there spoke of bones of birds; but that author really an- 
nounces only little hones ^ without saying that they may be those of birds. 
The error of compilers with respect to the petrified cuckoo (ccmcou) of 
Zannichelli* is still greater and truly funny. He alludes to the fish 
coucou, a species of Trigla (Trigla cucultis, Linn.; in Italian, pesce capone), 
and not to the bird. Other reports have neither descriptions nor figures 
sufficient to justify them. Such is that of Volkman, in his * Silesia Sub- 
terranea * (p. 144), and those brought forward by the systematic mineralo- 
gists. ... It is clear that incrustations do not belong to our subject ; and 
if the accounts of them were all true, they would prove nothing as to the 
existence of Ornitholites." 

There remained then, after these eliminations by Cuvier, in the 
works of previous authors only the relics in certain schists, such as 
those of (Eningen, Pappenheim, and Monte Bolca, which could have 
any claims to a serious examination, and which could really have 
been taken for Ornitholites by thorough naturalists. 

" Now," says Cuvier, " nearly all that has been cited is more or less equi- 
vocal, or, at least, is not substantiated by sufficient figures and descriptions. 
These schists abound in all sorts of fish and other products of the sea ; the 
bones in them are compressed. Who would dare to flatter himself as be- 
ing able to distinguish in this state a fish-bone from a bird-bone P The 
feathers even, are they easy to be distinguished from the SertulariseP 
How, then, can an inconsiderable portion be judged of, such as a member? 
The best authority for an investigation of this kind undeniably should 
be that of M. Blumenbach ; but he limits himself to saying, that there 

* Dargentville, Or. p. 333, and Walch, Com. sur Know. ii. p. IL 
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have been found at CEningen boites of littoral birds (* as d*oiseaux de 
rivage), in M^m. d'Hist. Nat. (Trad. Fr.) ii. 408. As to those of Pappen- 
heim, he refers to the Memoirs of the Academy of Manheim (Act. as Theod. 
pal. V. pars, phys. 63) ; but it is surely questionable, from the locality given, 
w hether it may not be a very singular reptile, of which we shall speak here- 
after (our Pterodactyle), and not, as M. Blumenbach calls it, a palmipede 
bird. Zannichelli had what he called a * beak* from GEningen ; but was it 
more real than that of Davila P"* Scheuchzer cites a feather from the same 

Elace (Mus. Dil. p. 106 ; Pise. Quer. p. 14 ; Phys. Sac. i. t. 53, f. 22) ; but 
e did not convince Fortis, who believed it was only a Sertularia (Jour, de 
Phys. flor. an viii. p. 334) ; nor Hermann, who, he says, is always ridiculing 
this pretended feather (op. cit. p. 340). We should have them under our 
eyes to judge. Fortis was not more convinced of the examples of feathers 
from Monte Bocla, which he saw at Verona (op, cit. p. 334), two of which 
have been published by M. Faujas (Annales du Mus^imi d'Hist. Nat. vol.vi. 
p. 21, pi. 1). L confess, however, that if there are any portions able to cany 
conviction, they are those which I have examined with the greatest care 
many times, and in which I can discover no character whatever to distin- 
guisn them from feathers (des plumes). But, in supposing they ma^ be 
such indeed, they would prove nothing against my previous assertion ; 
there have been none as yet well preserved, except in our gypsum." 

Cuvier then refers to Lamanon's description, in 1782, of the bird 
found at Montmartre by M. Darcet, and of which he admits there can 
be no doubt. He notices, however, that Lamanon has put in the 
feathers of the wings and tail, and has unfortunately given his ima- 
gination a little play ; he insinuates, also, that the drawing is not 
very like the original. He moreover tells us that Fortis, who had 
conceived strong prejudices against the existence of Ornitholites, 
examined afresh what had been described by Lamanon, and gave a 
figure according to his own ideas ; thereby affording a very remarkable 
illustration of the degrees of difference the same object may assume 
under eyes that regard it in a different aspect. " We can distinguish 
nothing," says Cuvier, " in the figure given by Fortis ; the head is 
upside down, all the inequalities of the stone are exaggerated, the 
osseous imprints weakened ; in short, the author declares he can see 
in this fragment only a frog or a toad." 

The fact is, however, as Cuvier states, and there can be no doubt 
at all that this specimen is a veritable omitholite. 

" But," he adds, " one could hardly have dared to sustain it if there had 
not since been found in our plaster-works pieces more characteristic and 
suited to confirm it. Peter Camper mentions one, but without describing 
it, in an article on the fossil bones of Maestricht, published in the Philo- 
sophical Transactions for 1786. It is a foot found at Montmartre, of 
which M. Camper, jun., has sent me a drawing, which I have had engraved 
in the * Bulletin de la Soci^t6 Philomathique,* for Fructidor. An VIII. 
I had myself a second piece, also a foot. This was from Clignan court, 
below Montmartre. I described it in a note read before the Institute the 
13 Thermidor, An VIII., and published in the * Journal de Physique ' of 

* "Was not the aptychus of the Ammonite sometimes noticed under the term ** beak " 
by some of the old writers ? — S. J. M. 
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the same month, p. 128, etc., with an engraving (pi. i.), which was repro- 
duced in the * Bulletin de la Soci^t^ Philomathique,'for Fructidor, AnVlII., 
and afterwards in different foreign journals. On this occasion I learnt 
there existed two others in the hands of a private person at Abbeville, 
M. EUuin, engraver, who had also received them from Montmartre ; and 
M. de Lam^therie gave a copy, in the same number of his Journal (pi. ii.), 
of a drawing sent him by Mr. TrauUe. It was the body of one bird and 
the leg of another. It was easy to see that the leg did not belong to the 
same individual, and also that the incrusting stone came from another bed. 
Such is the judgment of MM. Baillet and Traull6 (Joum. de Phys. 
Therm, an viii. p. 132), which M. de Burtin confirms in a note to a de- 
scription of this fossil, published by M. Goret, of Abbeville (Trs. Soc. 
d'Emulation). Having had tlie specimen for some time under our eyes, we 
have assured ourselves of the correctness of this fact. There have been, 
then, since 1800, four different well-marked fragments ; that of M. Darcet 
makes the fifth. Since then I have continued my researches, and have 
found such a great number that there can be no longer any doubt that our 
plaster-beds contain many remains {beaucoup de dSbris) of birds.'* 

These specimens, which he had collected, Cuvier then goes on to 
describe, beginning with the feet, "as being the most striking parts 
even for least accustomed eyes." " Indeed," he continues, ** the foot 
of any bird whatever is composed in an absolutely particular manner, 
and does not resemble that of any other animal.*' 

The specimens of fossil birds from the environs of Paris figured 
and described by Cuvier are : — 

** 1. A very complete leg and foot of a common species from the Gypsum 
(vii.) * ; 2, end of tibia and foot complete of same species ; 3, foot of bird 
from M. de Lam^therie's cabinet (vi.) ; 4, fragments of the foot of a bird, 
showing the first phalanges of the thumb and outside and middle digits, 
probably the same species as No. 6 (iv.) ; 5, inferior mandible ; 6, copy 
of Ellum's specimen ; 7, tarsal bone of a bird of the same ^species as 
No. 11 ; 8, leg of bird, showing the entire tibia, the thumb, and three 
other digits very complete (vii.) ; 9, foot of bird of same species as 
No. 11 (v.) ; 10, bird's foot described and figured by Cuvier in 1800 
(viii.) allied to (vii.) species, and of the order Gralla (storks and herons) ; 11, 
leg and foot of a bird much smaller than No. 4 (v.) ; 12, Darcet's speci- 
men, a different species from any other (x.) ; 13, the two sides of a badly- 
preserved body, M. Elluin's specimen, drawn by Cuvier ; 14, phalange of 
a bird's foot of a larger species than any of the others (i.) ; 15, portion of 
the wing of a bird, with the end of the humerus, the cubitus, the two car- 
pal bones, the imprint of the apophysis of the metacarpal bone carrying 
the thumb and the imprint of a part of another metacarpal ; 16, portion of 
wing in the cabinets of M. de Lametherie, allied to the sea-larks {Pelidna, 
Cuv.) (viii.) ; 17, rib of fossil bird ; 18, radius ; 19, radius (x.) ; 20, hume- 
rus of littoral bird, anterior and posterior faces (iv. P) ; 21, humerus (ix.) ; 
22, humerus (ix.) ; 23, end of omoplate of a bird resembling, in diminutive, 
that of a cormorant ; 24, femur of a bird near to the genus Pelican ; 25, 
femur of a bird of the order Grallee and the genus Ibis ; 26, portion of the 
trunk and both wings, and femur of a fossil bird (ix.) ; 27, well-preserved 

*-The Roman namerals indicate Cuvier's species. Cuvier did not assign any named 
to the species he indicated. 



208 THE GS0L00I8T. 

omitholite from Montmartre, of the family Oallinacem (y.), showing the 
under^etJc, its right ramus nearly entire, portions of hoth sides of the 
base of the cranium, vertebrse of neck, right clayicle, and parts of the left, 
small portion of the omoplate, the sternum much crushed and disfigured, 
and an equally disfigured impression of the pelvis, the tibia, and many 
other intelligible parts ; 28, the four phalanges of a medius of a bird of 
prey, like their analogues in the buzzard (ii.) ; 29, lower mandible ; 30, a 
* frog-bone ' (junction of the two clavicles) ; 31, coracoid bone ; 32, another 
coracoid ; 33, metacarpal and phalanges ; 34, inferior mandible of a bird 
(v.) ; 36, humerus (v. P) ; 36, another humerus ; 37, small humerus of (x.) 
and 38, leg and foot of the same species, No. 33 ; 39, small bird's foot 
(ix. P) ; 40, metacarpal of bird of prey of large size, and with long wings of 
the dimensions of the bald-buzzard, probably the same species as No. 24 
(xi.) ; 41, another metacarpal of a bird of prey, much smaller, and having 
much shorter wings, probably of the same species as No. 48 ; 42, skeleton 
from Montmartre (ix.), the wing extended, humerus nearly entire, sternum 
crushed, feet and right leg well shown, as are also other oones ; 43, well- 
preserved and characteristic skeleton from Montmartre, of the same 
species (ix.) as the foregoing, showing the head and beak^ portion of 
the * frog-bone,* back-bone, ribs, wing-bones, legs and feet, and other 
parts, very little disturbed from their natural condition ; 4i3, mutilated 
numerus of a singular species, and like that of the screech-owl ; 44, ra- 
dius ; 45, well-preserved foot ; 46, badly-preserved foot of same species as 
No. 11 (v.)." 

It will be seen then that Cuvier founds on these bird-remains no 
fewer than ten species. His first on the foot, described by him 
in 1800, in which the thumb or hind-toe is wanting (No. 10) ; but we 
see in the specimen the little bone, which carries it in many birds. 
These characters are much more complete in No. 8 ; the femur in 
that specimen is wanting, but the tibia is much more entire, and the 
thumb and the three other digits are very complete, and furnished 
with all the articulations they ought to have ; the foot of this speci- 
men having the tibia and tarsus a little longer than the first, is made 
another species by Cuvier. Of M. de Lametherie's specimen, Cuvier 
makes a third species ; of M. Elluin's a fourth ; of the foot No. 15, 
which he thinks somewhat smaller than the last, a fifth ; of No. 38 a 
sixth ; of the four phalanges forming the medius of a bird of prey, 
No. 28, allied to the buzzard, a seventh ; of the phalange of the great 
bird. No. 14, an eighth ; and of the small foot. No. 39, a ninth 
species, all founded on the debris of the walking limbs alone. He 
founds three other species on the beaks in Nos. 6, 29, 39, respectively. 
We can scarcely analyse further Cuvier's work without giving ad- 
ditional figures, which our fast-closing limits will not allow. We can 
therefore only add that our Plates giye examples of — No. 43 (PI. III., 
fig. 1) ; No. 42 (PI. VI., ^g, 3) ; No. 41 (PI. VI., fig. 2) ; No. 39 
(PI. VI., ^^. 1) ; No. 25 (PI. VL, ^g. 4) ; No. 20, a^terio^ and pos- 
terior views (PI. VL, fig. 5) ; No. 15 (PI. VL, fig. 7) ; No. 13 a 
(PI. VL, fig. 6) ; No. 13 b (PI. IV., fig. 2) ; and regret being cut off 
in the middle of our survey of the bibliography and present state 
of ornithological palsBontology, the only manageable portion for any- 
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thing at all like conciselj showing the very imperfect state of our 
present knowledge of the past history of organic life on our globe. 



ON THE GLACIAL DEIFT OF FFRNESS, 

LANCA8HIEB. 

Bt Miss E. HoDasoN. 

The following sketch of the glacial deposits of Fumess is not pre- 
tended to be complete ; it is, in fact, nothing but a sketch : neither 
can it presume to be free from errors. The marine drift, especially, 
has not received all the attention it demands, but will, I hope, with 
the clays and peats of Fumess, form a subject for a future memoir. 
The deposits in the section are referred doubtfully to their periods. 

Striated Bock Surfaces. — The district of Furneas ; its south-eastern 
part, however, does not perhaps present so many of those remark- 
able records of the glacial period, the striated rock-surfaces, as are to 
be met with in more mountainous districts. The rocks, especially 
the Carboniferous Limestone and Permian formations, either lie in a 
great measuro hidden under a thick covering of deposits, or, as in the 
hills of the Upper Silurian strata, are of such a soft decomposing na- 
ture, that they retain very little primitive facing. 

Occasionally, however, striations may be found. A little way in 
shore, west from the estuary of the Crake, at the head of Morecambe 
Bay, a rock-surface recently exposed by the removal of the overlying 
material, and now quarried away, showed a series of parallel shallow 
groovings from an inch to an inch and a half apart ; the intervening 
spaces plane and smoothed, and having very fine strisa. The stri» 
and grooving had a direction from E. to W., or perhaps a little N.E. 
to S. w . The rock presented an extraordinary and beautiful appear- 
ance, with no signs of fracture, but on attempting to break off a 
specimen, it was found to be literally crushed to pieces as if it had 
been an egg-shell : so that no specimen exhibiting more than one 
groove and smooth space could possibly be obtained. 

South of this, and still not far from shore, but with a hill of more 
than 300 feet elevation lying between, striaB are found taking a S.W". 
by S. direction. The same occurs very distinctly on other spots near. 
Further west, on Ben Crag, a hill of nearly 500 feet elevation, the 
same N.E. by N. and S.W. by S. striation is observed, protected by 
the grassy sod. 

It is found again with a very little variation on the Carboniferous 
Limestone, where it underlies the Boulder- clay on the shore between 
Bardsea and Aldingham. Some exposed beds of the limestone, 
levelled off and polished, have it very persistently, in fine parallel 
lines, now nearly worn out by the sea. 

This direction of striae corresponds with the general trend of the 
hills of Fumess, as well as with the line of the centre of Morecambe 
Bay. But even where this is not the case, where the strike of the 

VOL. VII. 2 E 
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hills, 80 to speak, is N.W. and S.E., with a narrow vale or channel 
lying between, the strisD will be found having the same undeviating 
direction right across from N.E. by N. to S.W. by S. This is 
exemplified in the hills bordering the vale of Newland, near TJlver- 
stone, where a brook now runs from 300 to 400 feet below the heights 
on each side. There is no question, however, but that the gill is 
deeper than when the ice crossed it, but the striation is repeated on 
the N.E. side down to 275 feet from the top, and at rather more than 
125 feet above the brook ; while it is a curious fact that this happens 
to be about the elevation above the brook, of the lowest obtained 
strifiB on the S.W. side. 

At the same time, although this is very likely to be the prevail- 
ing tendency of striae in Furness, yet there are exceptions, and a 
slight deviation will sometimes occur between two points within a 
short distance of each other. Thus, on Q-ameswell Hill, deep 
groovings pass from N.N.E. to S.S.W., while rather more than half 
a mile off the striation is from E.N.E. to W.S.W. Yet neither of 
the two striations can have any connection with the present features 
of the locality. The gill that passes under Gameswell on the west 
cuts directly N. and S., and the rocks with the latter striation are on 
the south-eastern Rlope of a fell, down which small drainage depres- 
sions pass to the E. and S.E. 

It should be conceded, I think, to the inexperienced student, that 
there may be great difficulty sometimes in selecting glacial striae out 
of " weathered " lines of cleavage and stratification in the slate rocks. 
The difficulty is not when they present their edges sharp, close, and 
regular ; but when e.g. somewhat resembling the spreading leaves of 
an opened book, they have been further worn into horizontal hollows, 
ruts, or grooves ; and this, possibly, by the glacier passing over at 
right angles to them, rather than parallel with them, as would be at 
first suggested. The above is only one out of other instances of de- 
ception met with on decomposing slate rocks. It must occasionally 
happen that true striae may run parallel with either the cleavage or 
bedding ; but in these doubtful cases I have uniformly abandoned 
them, and it is not unlikely that good genuine striae, which the ex- 
perienced geologist would have noted down, may thus have escaped. 

On the craggy heights of the moors, as well as in some places on 
the shore, the aspect of the rocks indicate that the principal denuding 
force has been carried over from the north. They generally present 
their smoothed sides to the north or north-east, their nigged ones to 
the opposite point ; deep ruts passing up the smooth incline answer- 
ing in point of depth to the opposition that incline had presented. 
In some instances the edges of the cleavage planes have been bo 
shaved off, grooved across at right angles, and rounded, as strikingly 
to resemble the laminated structure of a shell-hill contour. 

"With regard to the form and outline of many of our hills, the 
beautiful description given at some length by Mr. Geikie, of the 
glaciation among the mountains of Scotland, might well serve for a 
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description of these. Indeed, so truly do the glacial footsteps tell 
the same tale everywhere, varying only in degree of magnificence, 
that it would seem there can be only one set of terms happily and 
faithfully to record it in. Furness is not without ** that union of 
prominent yet rounded crag and gently curving hollow which indi- 
cates the passage of the ice-sheet, with hardly less clearness than the 
ripple on the shore tells of the retreat of the sea,*''* and lit up by the 
slanting rays of the evening sun, assuredly it yields nothing in point 
of interest and loveliness to the prouder types of Scotland. Besides 
being of frequent occurrence on our moors, this feature is especially 
conspicuous on the hills at Newland, and from thence, obscured a 
little by plantations to the head of the bay, where it again becomes 
traceable up the valley of the Crake. It first arrested my attention 
and had its true cause assigned to it in my note-book, after visiting 
in the autumn of last year the Hoches Moutonnees in the vale of the 
flotha at Ambleside, described by Mr. Hull,f and cited by Sir G. 
Lyell in his * Antiquity of Man.' J " When a geologist," says Mr. 
G-eikie, '' has once familiarized himself with its varieties even in one 
locality, there are not many landscapes in the country where he will 
fail to detect its presence." 

Hoches Moutonnies, — True Boches Moutonnees lie on the eastern 
outskirts of Ulverstone. There is one close to the railway viaduct 
over the canal ; it has been quarried, but still retains much of its 
remarkably rounded form. Another in the peat-mosses on the N.E. 
of the canal, is buried under the railway embankment ; the domed 
top long refused to afford good foundation. 

Stream Valleys, — In a deep narrow gill of the Silurian strata, close 
to Ulverstone, the striation seems to denote that the glacier in its 
progress has taken the curve of the gill, as it swerves from W. by N. 
and B. by S. to N. W. by N. and S.E. by S. It is difficult to fix the 
amount of glaciation in this gill ; rocks of Devonian age have been 
swept out, but to what extent they may have been developed it is im- 
possible to guess. I have always associated its glaciation in point of 
age (whether correctly or not I cannot say), with the forming of 
some remarkable indentations on the moor of Osmotherley, about a 
mile distant. These miniature glens, as they might be called, are 
deep, dry, parallel hollows, having a N.W. and S.E. direction, con- 
verging a little as they descend the moor-side, and fall into the drain- 
age line leading to Ulverstone. Doubtless they difier little in cha- 
racter from many other depressions on the moors, but the singular, 
almost mural outline, they assume on the horizon is very arresting 
to the eye, and although they may mark the course of occasional 
rivulets, yet it is scarcely likely they are water-formed unaided by 
ice. As yet, however, no striss have been detected in them. The 
crags in the vicinity are greatly crushed, a circumstance not alto- 

* Geikie, ' On the Phenomena of the Glacial Drift of Scotland.* 
t linll, £din. New Phil. Journal, vol. xi. p. 31, 1860. 
X Geol. Evidence of the Antiq. of Man. 
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gether to be assigned, I believe, to atmospberic agencj, eitber in this 
or any of the numerous instances of crushed strata on moors. Most 
of our stream-valleys, doubtless, owe their present features to the 
softening of the climate and the final melting down of ice ; a tran- 
sition not wholly insignificant in its effects even here, when we regard 
those escarpments of deposits, whether marine or glacier-formed, 
which tower loftily along many of their lines, sometimes on one side, 
sometimes on the other, and individually &oed, perhaps, by a gentle 
verdant slope, that, with the gurgling brook below, seems to hide, as 
it were, under a calm disguise, all the tumult of the past. One of 
these escarpments on the line of the Pennington Beck is crested by 
** hummocks " of boulder clay, so artificial in form that tradition 
holds them as the site of an ancient castle, a half-encircling hollow, 
apparently water-formed, answering for the remains of the castle- 
ditch. 1 have an impression that geologists familiar with the phe- 
nomena of the period, would experience little difficulty in assigning 
this (together with much of the physical aspect of that truly inter- 
esting vicinity) entirely to glaciation and its subsequent modifying 
agencies. Almost every stone and pebble about the place is wonder- 
fully grooved and striated. 

The other features of our stream-valleys are the stripes or terraces 
which at various elevations and distances mark the former river-pos- 
sessions, inasmuch as when tried by the spirit-level, they are found 
to be on an extremely gentle incline, thus affording additional evi* 
dence that all our brooks have been rivers, and our rivers mighty 
streams. Deposits of river-gravels occur at some heights above the 
present brooks, as in the vale of Newland before alluded to. There 
deposits of dark gravels and sands lie in underneath the hillside 
boulder clay, while the latter appears to have been scooped out by the 
flow and wash of the down-passing current, into a true overhanging 
river-bank, 50 feet above the bed of the present stream. 

Boulder clay, — In slightly sketching out the position of the boulder 
clay in Furness, what knowledge I have of the nature and composi- 
tion of that deposit is mainly derived from the teaching of the admi- 
rable memoir before referred to, ' On the Phenomena of the Glacial 
Drift of Scotland,* aided by the close examination of numberless 
specimens obtained from many localities. Its stones and boulders 
rounded, a/ngular, flattened, smoothed, striated, seldom of remote trans- 
portation, disposed without stratification in a more or less clayey ma- 
terial, are the characters by which it may be distinguished here. But 
there are other peculiarities of the boulder clay in Furness for which 
tde above work somewhat prepares the student. These are the bars, 
thin seams, or beds of gravels and sands, which very frequently are 
found running through it. These are neither fluviatile nor marine ; 
they precisely resemble in litliological character the true boulder clay 
in which they occur : the stones, in some instances at least, have 
scarcelv lost their striation, and clearly owe their stratified disposal 
to the percolation of water. In fact, such beds must have been 
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simply melting zones in the heart of the glacier. Sometimes they 
rest upon the rock surface under the boulder clay, at others they 
alternate with it in more or less equal thickness throughout its 
depth, and occasionally they are found lyins next the surface-soil. 
Ko doubt by being now, what they became then, passages for water, 
they are constantly and gradually extending themselres into the hard 
substance of the boidder clay. 

By obtaining rough sections of numerous well-sinkings in the 
boulder clay, under the town of Ulverstone, a pretty accurate know- 
ledge of these stratified beds is arrived at. They are known to the 
sinker as waterbars, and are, I think, identical in character with 
those seen in section on the moors, and in the Furness railway cut- 
ting. They are often found dry ; hence several are passed before 
one containing water is reached. 

They are described as having an average dip or incline of one 
quarter of an inch in five feet. The gravels lie between yellow sand- 
bedd(, which are smooth on their interior surfaces (Le. the surfaces in 
contact with the gravels) and very compact. The pebbles are chiefly 
**briffht'bltM** (Silurian). Occasionally granite pebbles occur, and 
have this peculiarity, that the beds containing them are seldom more 
than two inches thick. The boulder clay is said to shade off gra- 
dually in colour from the yellow sands to that of its own, which is 
generally bluish, though occasionally other tints prevail. Under the 
west of the town the boulder clay is so hard as to break the pick 
point, is very dry, and free of gravel seams for a great depth. 

This interesting deposit occurs in patches on our hills, is spread 
more thickly on our moors, descends next the rock-surface into the 
vales, forms fine sections on our south-eastern shores, and declines 
down under the marine stratified drift, at the southern end of the 
promontory. 

At the Lindale moor iron mines, a good section of nearly half a 
mile is displayed by the sinking of the ground since the removal of 
the underlying ore. The following measurements were taken for me 
in two places along this section : — 

Soil. ft. in. 

Boalder clay 5 

Sand and gravel 3 6 

Boalder clay 3 

Soil. 

Bodder clay 6 

Sand and gravel 2 

Boulder clay 9 

There is a pretty general uniformity in the upper deposits through- 
out the length, but in some parts the lower boulder clay attains a 
much greater thickness. The gravels dip gently to the south-east. 
In long dry weather the laminated sands become inconspicuous ; but 
here and there a red tinge pervades the series and denotes the occa- 
sional presence of water charged with iron. The boulder clay here 
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is of a dark ochreous colour, in fact, just the colour of the higblj de- 
composed Silurian pebble, and seems perfectly to answer to its final 
debris. The stones in good preservation, are much striated, and the 
boulders beautifully smoothed and grooved. In this arena, encircled 
partly by rock (Silurian) with boulder day in section, and partly by 
the refuse heaps, the student of glacial phenomena may find ample oc- 
cupation. Ice-scratched boulders of limestone and intercalated iron- 
ore, are there thrown to light ; while lying out exposed, are huge blocks 
of the former, marvellously cut and hacked in every possible direction. 
The e£fect of turbid water upon stone is shown here. The limestone 
blocks within its influence have undergone great decomposition, and 
are moulded down into grotesque figures and shapes, similar to what 
are seen on the surface of limestone commons, and used for orna- 
mental rock-work. Their surfaces are rough as sandstone, coated 
with a fine, almost impalpable, red powder. They are imbedded in 
a dark brown substance, probably '' Black Mack,'* described by Mr. 
Cameron, vol. xiz. page 2/ of the ' Quarterly Journal of the Geolo- 
gical Society.* 

When the stratified beds in the boulder clay rest upon the rock, 
although the rounded or planed outline may be preserved, it is found 
to possess a much rougher surface than when covered by the unstra- 
tified boulder clay. This is seen on the rounded rock by the via- 
duct before noticed ; one side of which is covered by the following 
beds : — 

&?t7. ft. in. 

Boulder clay, with striated stones 3 

Large stones and sand 2 

Pebbles mixed with sand 16 

Grey sand 6 

liarger pebbles 3 

Sharp grey gravel . 3 

The Silurian rock under these is beautifully hollowed out and 
rounded, but it is extremely rough to the hand, is very soft, and 
shows symptoms of decay. 

In a limestone quarry, north-west of Ulverstone, in a well-sinking 
nearer the town, and also, I believe, in the railway-cutting, rough- 
ened and curiously-shaped limestones, similar to those near the iron 
ore, have been met with, lying under stratified gravels, capped with 
boulder clay. In the quarry instance, I imagine the upper bed haa 
been much broken up, antecedently to the mouldiug and roughening 
of the fragments. They are imbedded in a soft plastic clay ; clearlj, 
I think, a deposit from water. 

But there is another, and perhaps more difficult problem connected 
with the boulder clay, which is, when loose gravels and sand, in no 
respect differing from that deposit in lithological character, lie next 
the surface-soil. 

This is the case on Gill Brow: a moraine bank, a mile to the 
south-east of Lindale moor, at about 300 feet elevation above the 
sea. 
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A miniDg section there gives : — 

Soil. yds. ft. 

Loose gravel and sand 5 

Hard boulder clay to rock ........ 9 

The stones in the loose strata of gravel and sand are some of them 
well striated. The thickness of deposits on the top of the hill, is 
much greater than below. 

This bank, and another contiguous to it, appear to be extensions 
of moraine matter from the higher grounds of Lindale Moor, High 
Banks, Carr Kettle and Walthwaite Moors, and lie immediately be- 
tween these and the Plain of Swarthmoor, which is one large spread 
of boulder clay. Q-ill Brow would moreover, in all probability, form 
a side bank on the great ice-flood line of the Pennington Beck, al- 
though now situated nearly a mile from the stream. The loose gravel 
stratum therefore might be part of the delta of that flood. !No other 
suggestion presents itself to my mind. The. striations would forbid 
the gravels being regarded as marine. 

In the section formed by the railway-cutting, now grown over, the 
stratified beds were observed " running in very thin seams " through 
the boulder clay. They seem to be a constant and familiar accom* 
paniment to that deposit, in the Carboniferous and Silurian grounds 
of Furness. With the boulder clay on the Permian, I am not yet so 
well acquainted. Its most southern inland extension, I believe, is at 
Harbarrow, three and a half miles from the south point of Furness ; 
not far from here, it probably declines down under the red marl of 
Leece. In piercing through that deposit, near the Leece Tarn, for 
water, it was supposed to be the boulder clay that was reached at the 
depth of 112 feet. 

Stratified Marine Drift. — It does not appear that the stratified 
marine drift of Furness can be said to attain in any thickness, to 
elevations much above 100 feet. Travelled and unstriated boulders, 
some of great size, water-rolled stones foreign to the district, and 
stray fragments of shells, are certainly met with ; the latter even up 
to 500 feet, but no undisturbed truly marine deposits exist at such 
elevations to my knowledge. Several large stones, quite foreign to 
the district, occur upon and in the boulder clay of Lindale and the 
neighbouring moors ; whether they may be regarded as the remnants 
of out-swept marine drift, and as marking the base of renewed gla- 
ciation, it is difficult to say. Many of them, notwithstanding their 
hardness, have all the appearance of glacial friction, being much 
smoothed down and flattened. 

Probably they are marine deposits, which we find lying above a 
mile in shore, at the Ulverstone Eailway Station, and extending up 
the Pennington A^ale, to a little above 100 feet ; but I believe these 
are met by, and to some degree commingled, and interstratified with 
old fluviatile deposits. 

In sinking a well some years ago on the south of the town, be* 
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tween the one hundred and the seventy-five contours, a bar of small 
bivalve shells* was discovered, 8 feet below the surface, in a deposit 
of fine sand. I have not yet found any on this horizon in other loca- 
lities, but it may be worth while prosecuting the search further. 
Passing southward marine drift appears to line the shore at about 
the same elevation from Ulverstone through the grounds of Conis- 
head Priory to Bardsea. Here they are cut off, and we do not re- 
cognize them again till we get below Leece, where they are found 
sweeping over the promontory from east to west jn elongated ridges, 
one or two of which, by the gradual inroads of the sea, have come to 
form headlands on the southern shore. 

Coast'Une D&poaits, — One of these headlands. Babbit Hill, at 
Barrow in Eumess, saved from the sea by railway constructions, is 
now rapidly undergoing demolition to form levelled sites for streets, 
and its long entombed granite boulders thrown out to the light of 
day. On the south coast of Fumess, at Back-House-Close Point,t 
25 feet raised beaches, containing layers of existing British shells, 
and abutting against the headland, have in the recollection of persons 
now living been cut away by the sea. It is the same at Cunninger 
Point, while in what may have been, so to speak, the recesses of 
the coast, some still remain ; only in their turn to yield eventually 
to the cons^tant wasting of high tides. Traces of their broken lines 
occur all the way from Rampeide to Aldingham, where they begin to 
recline on the boulder clay. The former tide-floor presented by 
this deposit appears to have supplied a clayeyness to the shell and 
pebble matrix, which renders their extraction, at this particular spot, 
extremely difficult, the mass being nearly as hard as the boulder 
clay itself. 

For the naming of the shells, I am wholly indebted to the kind- 
ness of my friend Miss Gifford, of Minshead, Somerset : — 

SUBLL LIST. 

Murex erinaceus. Turbo fLUonnaJ rudis. 

Buccinum undatum. Ostrea edulis. 

Buccinum reticulatum, Ostrea (Pecten) varians. 

Purpura lapillus. Myii/lus edulU, 

Turrilella terebra, Gardium edule. 

Turbo (LUorina) litorea. Mactra solida. 

Turbo (Litorina) neriioides, Telftna tolidula. 

Turbo (Litorina) rudis was most abundantly found in the hard 
shell-beds at Aldingham. Of this species, Mr. Woodward remarks, 
that it frequents a liigher region than T, litorea, where it is scarcely 

* From the description, I judge they might be Tellina. 

f Some of the stones in this cliff are striated, leading to the supposition that it might 
prove to be an outstanding ridge of the boulder clay resting on Permian strata. As I 
did not discover the feet of their striation on the spot, it must be left undetermined for 
the present. Stratified beds of sands appeared in the upper part of the cliff, but its fece 
was much obscured by water springs washing the sauds down from above. 
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reacbed by tbe tide. Murex erinaceus was only found in tbese beds^ 
and rare. 

Proceeding northwards up tbe coast, tbe finest sections in Eumess 
of tbe boulder clay are exhibited in tbe cliffs or sea-scarps of Moat 
Hill, Edge Bank, Beanwell Bank, and Tea Wood, witb heights ran- 
ging from 60 to 90 feet. Large Carboniferous (or mountain) lime- 
stone, boulders, and angular blocks seem ready to slide down ; while 
hard detached and fallen masses become separated in time by the 
dash and spray of the tides, and strew the shore. Some of the fallen 
blocks measure 20 feet in circumference, and retain deep groovings 
on their surfaces. 

North of Ulverstone, the boulder clay reappears at Hammerside 
Point, and constitutes a hill of 60 feet altitude, with an unknown 
depth. After this, it caps the Carboniferous and Silurian rocks of 
Plumpton and Threadlow; and then retires back and is not seen 
again on our line of coast. 



COEBESPONDENCE. 



On the Outer Tegument of a Section of the Oenm Trigonia. 

Sir, — ^Permit me to direct the attention of palaeontologists to a remark- 
able feature in a section of the ^enus Trigonia, which indicates a wider 
separation of that section from its congeneric allies, and also an unsus- 
pected imperfection in the state of preservation of some of our most com- 
mon Jurassic testacea. It has long been known that under the name of 
TrMonia costata, some very different forms of that genus have been figured 
and described by various authors from Jurassic rocks ranging from the 
Upper Lias to the £immeridge Clay, including fossils from Oolitic lime- 
stones, sandy rocks, argillaceous limestones, and from soft unctuous clays. 
Considering that the materials at the disposal of authors have been derived 
from such a variety of rocks, and of localities, both European and Oriental, 
and that such numbers of the great group of the Costatse have been ex- 
amined and compared by so many authorities, it might have been expected 
that their natural-history characters had been fully ascertained, and that 
the little we have still to learn respecting them would have reference only 
to the separation or union of species, and to a more accurate definition of 
their stratigraphical range. I was therefore recently much surprised upon 
applying my pocket lens to the surface of a fine example of T. Calypso, 
D'Orb., to nnd that it exhibited a beautifully ornamented surface, consist- 
ing of lines of minute granules arranged vertically, and in every respect 
agreeing with the outer tegument of Gresslya, Anatina, Groniomya, and 
Myacites, amongst the Myadse or Anatinidse. Of this latter family the 
fossil forms with granulated surfaces may be separated into two divisions, 
the one having larse and widely separated lines of granules, the other 
with the granules uso linear, but very minute, and me rows closely ar- 
ranged ; Trigonia Cahfpso, from the Soarboroueh Oombrash, has this lat- 
ter kind of ornamentation easily overlooked, and preserved only under the 

TOL. VII. 2 r 
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most farotirable oircnmstances. Qther TrigoniflB with surfaces precisely 
similar are T, eUmgata, Sow., from the Combrash of the same locality, 
and from the Olcford Clay of Dorsetshire ; T. costcUa, Tar. Uneolata, Ag., 
from the grey limestone of Scarborough ; another lunulate and lengthened 
form from the Upper Trigonia grit. Inferior Oolite near Stroud ; T. moni- 
lifera, Ag., from the Coral Bag of Weymouth ; and T. marginata, Lye, 
from the Kimmeridge Clay of Wiltshire. This granulated surface occur- 
ring, as is now ascertained, in so many species of the costated Trigonis, 
whose general forms and other characters are very dissimilar, renders it 
eyident that the whole group of the Costatse is characterized by its pre- 
sence, although we may only expect to discover it occasionally in specimens 
derived from fine argillaceous deposits, and cleared simply by washing, or 
by using only a light brush. The other sections of Trigonia having tuber- 
cles, varices, or serrated ribs upon the sides, appear to have been destitute 
cf this granulated tegument, as are also the recent Trigonise. I would also 
venture to remark that the value of the granulated tegument as a ground 
of distinction in the groups of testacea, does not appear to be sufficiently 
appreciated by some palseontologists ; that it is of higher value to us than 
as a separation between species, may be inferred from the fact that in the 
great family of the fossil Anatinidse it characterizes all the species of the 

fenera in which it occurs, and that the present appears to be the first 
nown instance in which a well-defined genus can be separated into two 
sections, the one having the surface granulated, the other smooth : in Tri- 
gonia, however, it is found to pervade only a single but large and well-de- 
fined group, which in its general characters is as clearly separated from 
the other fossil groups as from the recent members of the genus. 

John Ltcett, Jif.D. 

Soarhorought Mag Aih^ 1864. 



On the Nebular Theory. 

Salford, Mag 17, 1864. 

Sir, — In No. 75 of your * Geologist,' I find an article on Planetary 
Orbits, etc., written with a considerable degree of ingenuity, in which you 
ask, and I suppose with no objection to a reply, for instances " of the evo- 
lution of light and heat by slow condensation of gaseous matter." Chemistry 
supplies us with abundance of proof in this respect. One of the most 
familiar is shale loaded with iron pyrites, which, when exposed totheinflu* 
ence of the atmosphere, often takes fire from the slow absorptioa^f gaseous 
matter. 

So, on the other hand, excessive heat has greater power than chemical 
affinity, and will, if supplied in sufficient intensity, release the condensed 
oxygen again from its compound. Metals, too, have a very great power 
to condense gaseous matter within their pores, and this power is generally 
proportionate to their spongy and divided character ; but if heated, their 
affinity for gaseous bodies is likewise proportionately increased. But as I 
have just stated, heat has a greater power than chemical affinity, and there- 
fore no condensation of gaseous matter could take place until it was suffi- 
ciently cooled to be within the range of chemical power. 

Now the nebular theory assumes that condensation is the result of slow 
cooling, and could not have taken place in any other manner ; consequently, 
no universal conflagration and condensation could simultaneously have 
taken place, as your reasoning supposes. A^ain, if we closely examme the 
crust of the earth, especially amongst the igneous rook^, with which we 
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only profess now to deal, we shall find that they are combinations of the 
most infusible character, and, a priori^ bodies which would be the first con- 
densed, especially when their strong affinities are taken into consideration. 
And those bodies. which are easily dissipated by heat are almost wholly ex- 
cluded, such as water, carbonic acid, etc. 

There is another argument I wish to point out, which I think is 
erroneous. You suppose that the heat of the earth is sufficiently accounted 
for on the grounds of its retardation through the ether of space. A little 
reflection will show that a body once heated to its maximum temperature, 
from whatever cause, whether in passing through air or the ether of space, 
if the medium be uniform in resistance and the motion constant, the 
beated body must necessarily diminish in temperature until it is reduced 
to the same degree of heat as the medium through which it passes. The 
reasons are obvious. The original cause of heat in the case supposed is 
ethereal resistance, and the moving body eliminating heat is in consequence 
of the rearrangement of its constituent particles adjusting themselves to 
their altered condition ; and when this is attained the heated body must 
sink again to its normal condition of heat, and could not, X think, per- 
manently retain a heat so much superior to the medium through which it 
moves, simply in consequence of resistance. 

I am. Sir, most respectfully yours, 

Thos. Gallaspie. 

[I am very glad to have my suggestions — I do not call them " views " — more fully 
discussed. Mr. Gallaspie however does not give any of the illustrations, with which he 
says chemistry abounds, of the permanent or rather long-continued prodnction of light 
and heat by the slow condensation of gaseous bodies. Take oxygen and hydrogen. 
They combine with explosion. The heat, I conceive, which drove these particles apart 
whilst they were gases, has passed off into the air, and become motion acting upon the 
particles of the atmosphere. The resulting produce is a drop of water, not boiling. 
Shales and metals are solid substances ; and even if we take metallic vapour, what should 
cause metallic vapour to exist in space P Where is the heat to come from anywhere 
except within the circait of our earth's orbit, which should raise gold, iron, or even tia 
and lead into vapour. There seems to me not a particle of scientific evidence nor of pro« 
bability in favour of the nebular hypothesis — such it was first properly termed, such H 
still, to my mind, remains. 

The other point as to the effect of the resistance of the ether of space — althongh I do 
not agree with Mr. Gallaspie — is better put. The point raised by me was this : if the 
earth's motion in her orbit be due to any original impetus given to our planet, then the 
resistance of the ether of space to the earth's motion must give rise to friction, and this 
frictipn must be, by the laws of the correlation of the physical forces, be changed into 
some other force than motion. What is lost by friction as motion must become heat, 
light, electricity, chemical, or molecular action. As to what is the temperature of space, 
we have yet to learn what that temperature is in the area of the earth's orbit. Mr. 
Gallaspie should bear in mind that if this heat of our portion of space be due to the heat 
of the Sim, it can be estimated. But certainly friction may raise a body, gaseous or 
solid, to, and maintain it at a higher temperature than the surrounding air or gaseous 
medium. The production of fire by a lucifer match, or the rubbing of two sticks toge- 
ther, shows this. If the heat produced by friction cannot be carried off by the con- 
ductivity of the atmosphere, it will be accumulated in the object. As the orbital speed of 
the earth is, on the spiral-orbit hypothesis, slowly and constantly diminishing, there should 
be thus consequently a slow and constant diminution of the heat acquired by the past 
accumulation from higher friction — that is practically a slight cooling of the globe 
throughout past ages, and at present going on. The amount of this would be negatived, 
outbalanced, or controlled by the inward tendency of the earth to nearer proximity to 
the sun* I regret much that space does not permit me to say more in this place. — 
6. J. Maokik. %7th May, 1864.3 . 
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LEAVES FROM MY AUSTRALIAN NOTEBOOK. 

BY THOMAS HABBI80K, OF MBLB01TBKE. 
NO. II. — THE EOCEKE BEDS 01? SOHNAPPEK POIKT. 

To my mind, the very prettiest of Victorian watering-places is that 
known as above. It is so, not from brick-and-mortar embelushments, but 
because still left as made by natnre. Nothing can be more striking than 
the contrast which .this quietest of all quiet spots presents to thelrairy 
and bustle incidental to the Victorian metropolis. !Eleaching the pi^, a 
quaint-looking structure admirably matching the scenery arouna, one 
seems to have actually gone backwards twenty or thirty years in Austodian 
history, and to be gazing on a scene such as Melbourne itself may hsTe 
presented ere gold discoveries had revolutionized the colonies. 

Even when regarded from the steamer, miles away, the view is especialh 
prepossessing. Not distinguished hj any very grand features ; the hills 
swelling into gentle heights, thickly timbered and dotted at intervals witii 
villa residences peeping from out lawn-like clearings ; the clifi*s of diverse 
colours, as formed oy the wearing away of granitic or sandstone tongues 
of land ; and the numerous little coves and miniature inlets, of which the 
doubling every fresh headland gives some novel view, form a bit of sceneiy 
half-countrified, half-maritime, as especially pleasing to the Australian, as 
are Heme Bay, Margate, or the Isle of Wight, to we London cockney. 

Geologically, the district to be noticed forms a sort of irregularly- 
shaped basin, bounded on the north and south by the granitic masses of 
Mounts Martha and Eliza, on the east by a consid.erable patch of Silurian 
rocks, and on the west by the land-locked bay of Port Phillip ; the whole 
having been filled up with Tertiary strata, of which the siurface-rock is 
probably of the Pliocene period. 

Two miles northerly from the pier, and at the foot of a spur running 
from Mount Eliza, a small bed of Carboniferous shales are plainly visible 
at low water. These contain fragments of plants peculiar to the Victorian 
Carboniferous period, which appears to have been not earlier than the 
Oolitic era. The situation of this small outlier gives the beds some little 
interest. Most of the Victorian coal-bearing rocks occupy a district form- 
ing a broad stripe some thirty miles wide, and extending from near Cape 
Otway to Gipps Land. Carboniferous strata crop out extensively around 
Geelong, and are known to exist, as underlying beds, over the whole 
peninsula of Bellarine (a district marked on the map by diagonal lines 
alternately dotted and black, and sloping towards the rignt) ; whilst the 
same strata, commencing on the eastern shores of Western Port, form the 
coal district of Cape Patterson, and run, with but few breaks, under the 
principal part of South Gipps Land. The question, therefore, naturally 
arises, as to whether the strata of Schnapper Point and Bellarine were not 
once continuous P If so, unless formed by denuding agencies. Port Phillip 
Bay must be the result of a fault of depression, caused, it may be, by the 
chasm left on the vomitting forth of vast quantities of basalt over the whole 
of south-western Victoria during the Tertiary period. 

As bearing in some degree upon this subject, the sinking of the district, 
I may notice that the alK>rigines speak of a time when me river Yarra 
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(the mouth of which is some fifteen miles north of the. line forming the 
upper margin of- the map), once ran on uninterruptedly to Bass Straits, 
the intervening portion of country being then dry ground. Such tradi^ 
tion of a depression having taken place during the human period scarcely 
accords with the observed facts of the land being still in process of eleva- 
tioni and of the lower spots near Melbourne having been, until very lately, 
the bottom of estuaries. Peradventure, the story may be referred to 
another source. The entrance to the bay is exceedingly narrow, not 
much over two miles in width. The rocks on both sides are identical, and 
were probably at one time continuous. If this continuity existed for any 
lengthened period after the adjacent shores had arisen above high- water 
mark, it is evident the waters or the ocean would be shut out completely, 
and what is now the Bay of Fort Phillip must have existed as a huge salt 
lake. No large rivers debouching into this, and numerous shoals exist- 
ing in every portion, it is easy to conceive that the waters would grow 
gradually shallow, and that many spots would become dry land; the 
whole forming a large swamp, through the centre of which a chain of 
lakes might have stretched themselves to what is now the channel running 
between Points Nepean and Lonsdale, satisfying nearly every requirement 
of the aboriginal legend. The barrier separating the two waters might, 
in time, be broken through by waves and tempests. This done, the rush 
of tide during its flux and emux would speedily form a channel ; and the 
area, after having existed as a hunting-ground for the savage aboriginal 
inhabitants, would be transformed into a commodious harbour, sheltering 
the ships of a great and civilized nation. 

The cliffs, and most part of the surface-rock of the Schnapper Point dis- 
trict, are of a somewhat modem Tertiary grit, identical with that found 
near Brighton ; very ferruginous, occupied in many places by patches of 
lignite, but for the most part not highly fossiliferous, although in certain 
localities numerous conglomerated shell-beds are by no means of rare 
occurrence. To the wearing away of these upper Tertiary rocks into a 
precipitous coast-line, the watering-place owes its reputation for picturesque 
scenery ; although, from their wide extent, and from the fact that the lower 
beds are covered up, the country immediately inland is rendered singu- 
larly uninteresting to a geologist. 

At two spots, however, respectively two miles north and south of 
Schnapper Point Pier (one of them being closely adjacent to the Carbonife- 
rous beds previously alluded to), is a considerable outcrop of a much older 
stratum, generally pronounced to be Eocene, and contemporaneous with that 
upon which is erected the European capitals of London, Paris, and Vienna. 

The southern of these outcrops is very prettily situated. For nearly two 
miles the upper and red cliff runs parallel with the coast, at a distance of 
some 2CX) or 300 yards inland ; on the coast itself a second cliff is noticed, 
worn into the most fantastic forms, and between the two is an intervening 
valley, resembling in some slight degree, at certain points, the famous 
Undercliff of the Isle of Wight. The real or fancied similitude to the above 
well-known spot has, perhaps, induced many persons to refer the valley at 
Schnapper Point to the same origin as that giving rise to the features inci- 
dental to the southern coast of the '* beautiful island." A very slight ex- 
amination will show that this local theory is an erroneous one. The upper 
or ferruginous strata are comparatively friable and easily denuded, whilst 
the lower and Eocene beds are either oompaet argillaceous limestone, or 
elay of great tenacity. The coast rising — ^as the whole coast has certainly 
•done — uie upper beds would be eaten away more readily than the lower ; 
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aod whilst the lower thus stood out as a sort of terrace, some portions of the 
upper strata would be left undenuded thereupon, the old wave- washed 
rocks of a former period ; hence the second cliff and its fantastic and highly 
picturesque configuration. This theory is strikingly borne out by the fact 
that, wherever these Eocene beds appear, there the terrace appears also, 
prominently noticeable, as is the outcrop of the gault from beneath the 
phalk all round the valley of the Weald of Kent, Surrey, and Sussex in 
England. 

. The beds referred to are evidently of considerable depth, although, from 
being situate but very little above the water-line, their extent downwards 
cannot easily be arrived at. The upper portion, for several yards in thick- 
ness, is composed of clay, seeming to have been re-deposited, and in which 
few, if any, tossiis are met with. Immediately below this stratum is a great 
thickness of blue clay, in some places hardened into the compact argil- 
laceous limestone before mentioned. Both as clay and as stone this bed is 
litorally crowded with fossils, in a state of preservation quite startling to 
the stranger. Many of the shells retain their pristine colour, and look 
equally bright an d pe rfect with those of the still living moUusca thrown 
upon the beach. Were it not for their strange and ancient shapes, it would 
be no easy matter to distinguish between these relics of an immensely dis- 
tant age and shells of the present day. In state of keeping, the marine 
exuviu Eocene beds are infinitely better preserved than those which, found 
in the raised estuary deposits near Melbourne, are regarded as scarcely, if 
at all, anterior to the human period. 

My own experience in searching for organisms among these Eocene 
strata, reminded me somewhat of a discovery made by the " Uncommercial 
Traveller,*' — to wit, that " when at night one drunken man unaccountably 
turned up, another drunken man assuredly turned up soon after to keep 
the first company." What I noted being, that whenever I dropped upon 
a fine large specimen, I, without exception, dug up another or two close 
beside it. Not by any means, I should imagine, the result of chance, but 
that the shells rolling along an uneven sea-bottom would naturally fall 
into holes and hollows, and just as naturally be washed from off any ele- 
vated positions. 

Nautili, cypridse, conidse, volutidse, dentalia, cerithid», siliquarise, muri* 
cidae, and bryozoa, are very common, scarcely a square yard of ground 
being free from some of them, either perfect or in fragments. Among 
the cypridsQ is that singular form Cyprcea eonnda, and oliiers of gigantic 
dimensions. 

The great quantity of tropical species, few, if any, of which are now dis- 
coveraole in Victorian waters, suggest a variation of climate since the 
Eocene period in this part of the world, analogous to that remarked in the 
northern hemisphere. Nor is the great quantity of molluscous and echino- 
dermatous, together with an almost total absence of crustacean and verte- 
bral remains, less worthy of remark. Although the amount of life, ac- 
cording to the former types, must have been prodigiously developed during 
the period, but very few traces of any superior marine animals are dis- 
cernible. In two hours, and within a space of barely twenty square yards, 
I dug out with a common spade from fifty to a hundred distinct species of 
shells, echinidse, and corals ; yet neither on the above nor any subsequent 
occasion have I there met with either crustacean or vertebrated remains. 
The absence of the latter is the more remarkable, seeing that the Cestracion, 
common enough in Australian waters, especially feeds upon shelly moUusca, 
and might therefore be expected to frequent a place whereat such par- 
ticular food happened to be abundant. 
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A Victorian geologist (M. Blandowski), in a paper read before the Eoyal 
Society of Victoria, explains the absence of the above-named sub-ting- 
doms, by suggesting that the higher development and superior locomotive 
powers possessed by their various members, allowed of escape during the 
deposition of that muddy sediment completely enveloping the more slug- 
gishly moving of their contemporaries. Such an hypothesis would of 
course involve a supposition of the muddy sediment havmg been suddenly 
deposited ; a circumstance hardly reconcilable with the fact that the bedd, 
where fossiliferous, appear to contain shells pretty equally distributed 
throughout a considerable thickness, and are not, as would result from a 
sudden deposition like that supposed, made un of a thick layer of un- 
fossiliferous clay reposing upon a stratum of shells and organisms. Among 
the fossils, too, which I have by me, is a pecten, having an incrustation of 
bryozoa upon its inner surface — proof positive. I imagine that the shell 
must, after the death of its inmate, have lain during some time uncovered, 
or the growth of such parasite, in such position, could not possibly have 
taken place. And again, although every shell appears perfect and unworn 
by friction, yet. in all conchifers and brachiopods the valves are disunited, 
and in univalves the operculum is invariably absent. If it is allowable to 
strain a point, I would suggest that previous convulsive movements had 
totally destroyed or greatly diminished the number of all the superior 
marine tribes in these waters ; and that the lower classes, escaping the 
catastrophes by virtue of their less sensitive organizations, and subse- 
quently multiplying greatly, simply that their enemies had been destroyed, 
had grown to oe more than ordinarily numerous. 



PEOCEEDINGS OF GEOLOaiCAL SOCIETIES. 



GBOLoaiCAL Society. — March 9. — ^W. J. Hamilton, Esq., President, 
in the chair. 

1. " On the Discovery of the Scales of Pteraspis, with some Remarks 
on the Cephalic Shield of that Fish." By Mr. E. Bay Lankester. 
The successive steps by which the genus Pteraspis came to be established, 
and the grounds on which the prevalent opinion as to its ichthyic nature 
rests, having been noticed, the author proceeded to describe in detail the 
scales, — which have lately been discovered at Cradley, near Malvern, and 
which alone were required to remove all doubt aa to the affinities of the 
genus, — comparing them with those of Cephalaspis, to some of which they 
Dear a great resemblance ; and he concluded by giving a description of 
the markings on the surface of the cephalic shield of Pteraspis rostratus, 

2. " On some Eemains of Bothriolepis from the Upper Devonian Sand- 
stones of Elgin." By Mr. G. E. Roberts. Eemains of a large Dendro- 
doid Csplacanth obtained hy the author in Elgin were referred by him to 
the genus Bothriolepis. These consisted of two large casts of a central 
head-plate, with portions of the test ; a natural cast considered by him to 
represent the parietal, squamosal, scapular, and cpracoid bones ; casts of 
the nasal bones, and teeth of the upper ja^ ; together with tooth-like 
bodies, which were suggested to be teeth, originally situated in the poste- 
rior region of the mouth. The ornament borne upon the head- plate was 
ii«xt diescribed by the autii(Mr ; and, in conclusion, the affinities between 
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the genera Bothriolepis, Asterolepis, Pteraspis, and CeplialaspiB were dis- 
cussed. 

3. " On Missing Sedimentary Formations from Suspension or Bemoyal 
of Deposits, — their general relations and importance." By Dr. J. J. 
Bigsby. In this paper the author brought together nearly all the known 
instances of gaps or blanks in the stratigraphical succession in different 
countries. Of the two formations which are in apposition through the 
absence of one or more formations, which thus constitutes a blank. Dr. 
Bigsby applied the term " Boof *' to the upper, and " Floor " to the lower. 
He then described briefly the principal instances, arranging them accord- 
ing to the age of the formation constituting the ** Boof,* and drawing cer- 
tain inferences from a consideration of them respecting the influence of 
oscillation of level, emergence, denudation, etc., m their production. In 
his concluding observations Dr. Bigsby observed that these gaps indicate 
that there always have been areas of diy land, and also showed that tiiey 
prove the geological record to be, in places very much obscured, if not 
entirely obliterated. 

GEOLoaiCAL Society. — March 23. — 1. " On some new Fossils from the 
Lingula-flags of Wales." By Mr. J. W. Salter. — Since the author's paper 
last session on the discovery of Paradoxides in Britain, the researches of 
Mr. Hicks have brought to light so many new members of the hitherto 
scanty fauna of the Frimordicd zone, that Mr. Salter was now enabled to 
describe two new genera of Trilobites, and a new genus of Sponge, and to 
complete the description of Paradoxides Davidis. He also remarked that 
the fauna of the Lin^a-flags shows an approximation, in some of its ge- 
nera, to Lower Silurian forms, and some — the shells and a cystidean — are 
of genera common to both formations ; but the Crustacea, which are the 
surest indices of the age of Falseozoic rocks, are of entirely distinct genera ; 
and their evidence quite outweighs that of the other fossils. The Rrimor- 
dial zoiie is, moreover, in Britain separated from the Caradoc and Llan- 
deilo beds by the whole of the Tremadoc croup, at least 2000 feet thick. 
2. " On the Millstone-grit of North Stafforashire, and the adjoining parts 
of Derbyshire, Cheshire, and Lancasliire." By Mr. E. Hull and Mr. A. 
H. Green. — In this paper the Millstone-grit series was described, from the 
eastern edge of the Lancashire coal-fleld southwards to the coal-flelds of 
North Staffordshire. After giving a general sketch of the geology of the 
district, and defining the upper and lower }imits of the Millstone-grit, the 
authors explained a series of sections, running from east to west, at in- 
tervals across the country. In the most normerly of these the group 
consists of five thick gritstone-beds, separated by seams of shale, and 
attains a thickness of more than 2000 feet ; while on the extreme south 
all but two of these beds have thinned away, and the whole thickness is' 
there not more than 300 or 400 feet. 

Between the base of the Millstone-grit and the Carboniferous limestone 
lies a group of shales and sandstones, with thin earthy limestones towards 
the bottom, which seem to hold the place of the Yoredale Bocks of York- 
shire. The mineral character of these beds was described, and their place 
noted on the sections. 

A short notice was also given of two small in-liers of Carboniferous 
limestone, namely, at Moxon, east of Leek, and st Astbury, near Con- 
gleton. 

Gteological Society. — April 27. — 1. " On the Geology of Arisaig, 
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NovsL Scotia." By the Rev. D. Honeyman. — A careful examination of 
the country in the neighbourhood of Arisaig enabled the author to con- 
struct three sections and a map, showing flie geological constitution of 
the district. Two of these sections were nearly parallel to one an- 
other, running from north to south, and taken some distance apart, 
while the third was nearly at right angles to the other two; thus a 
tolerably accurate idea of the geology of the country could be ob- 
tained. The author described ea3i of these sections in detail, giving lists 
of the fossils foimd in the different beds, which proved them to be of 
XJpper Silurian age ; and he further considered that they justified the 
adoption for the subdivisions of these Nova-Scotian Silurians of the 
terms May-hill, Lower Ludlow, Aymestry, and Tilestones, the first and 
third of which had been used for them previously by Mr. Salter. Besides 
Silurian rocks, there occurs in the western part of this district a conglo- 
merate of Lower Carboniferous age, while trap-rocks occur on the north 
and south. 

2. "On some Remains of Fish from the * Upper Limestone * of the Per- 
mian Series of Durham." By Mr. J. W. Kirkby.— The object of this 
paper was to record the discovery of fish-remains in the upper mag- 
nesian limestone of the Permian formation, which is higher in that 
series than any vertebrate remains had been previously known to occur. 
The strata exposed in the quarries were described in detail, especially 
the bed from which most of the fish were obtained, and which is known 
as the " flexible limestone." 

The author stated that at least nine-tenths of the specimens belong to 
Palaoniscus varians, the remainder belonging to two or three species of 
the same genus, and to a species of AcroUpis. Detailed descriptions of 
the different species of fish were given, as also were short notices of the 
species of plants sometimes found associated with them, one of which he 
believed to be Catamites arenacett^, a Triassic species. The occurrence of 
JPalcBonisd with smooth scales was stated to be antagonistic to Agassiz's 
conclusion, that the Permian species of that genus have striated, and the 
Coal-measure species smooth scales. In conclusion, Mr. Kirkby remarked 
that the fauna of the period appeared to have an Estuarine facies, and he 
expressed his opinion that the fishes were imbedded suddenly, as a result 
of some general catastrophe. 

3. "On the Fossil Corals of the West Indian Islands. Part 3 : Mineral 
Condition." By P. Martin Duncan, M.B. — The results of the process of 
fossilization, as seen in the West Indian fossil corals, being very remark- 
able, and having much obscured their specific characters, thus rendering 
their determination extremely difficult, Dr. Duncan found it necessary to 
thoroughly examine their different varieties of mineralization, and to com- 
pare their present condition with the different stages in the decay and 
fossilization of recent corals as now seen in progress. Thus the author 
was enabled to show the connection between the destruction of the mi- 
nuter structures of the coral by decomposing membrane and certain forms 
of fossilization in which those structures are imperfectly preserved ; and he 
likewise stated that the filling-up of the interspaces by granular carbonate 
of lime and other substances, as well as the induration of certain species, 
during a " pre-fossil " and " post-mortem " period, gave rise to certain va- 
rieties of fossilization, and that the results of those operations were perpe- 
tuated in a fossil state. 

The forms of mineralization described by Dr. Duncan are— Calcareous ; 
Siliceous ; Siliceous and Crystalline ; Siliceous and Destructive ; Siliceous 
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Casts; Calcareo-siliceous ; CalcaFeo-Biliceona and Destractive; Calcareo- 
fliliceoos Casts. 

In describing these forms especial reference was made to those in which 
the structures were more or less destroyed daring the replacement (by 
silica) of the carbonate of lime which filled the interspaces, and during 
that of the ordinary hard parts of the coral. 

In explaining the nature and mode of formation of the large casts of 
calices from Antigua, the author drew attention to the fact that tlie silifi- 
cation is more intense on the surface and in the centre of the corallom 
than in the intermediate region ; and, when examined microscopically, it 
could be seen that the replacement of the carbonate of lime began by the 
silica appearing as minute points in the centre of the interspaces and of 
the sclercnchyma, and not on their surface. In conclusion, the relation of 
hydrated silica to destructive forms of fossilization was discussed, toge- 
ther with the influence of all the forms enumerated above in the preserva- 
tion of organisms, and as one cause of the incompleteness of the geological 
record. 

May 11. — 1. *' On a Section with Mammalian Eemains near Thame." 
By ]Vfr. T. Codrington, F.G.S. — A railway-cutting through a hill between 
Oxford and Thame having exposed a section of certain gravel- beds, from 
which many mammalian remains were collected, the author now gave a 
short description of the section, and a list of the bones he had obtained 
from it. The hill is nearly surrounded by the Thame and two small tri- 
butaries, and consists of Kimmeridge clay capped by a bed of coarse 
gravel overlaid by sandy clay. The gravel consists of chalk-flints, pebbles 
derived from the Lower Greensand, and fragments of mica-schist, etc., 
indicating a northern-drift origin ; it contained many bones of Elephant, 
lUiinoceros, Horse, Ox, and Deer, and a single phalanx of a small carni- 
vore, but no flint implements were discovered. 

2. " On a Deposit at Stroud containing Flint Implements, Land and 
Freshwater Shells," etc.* By Mr. E. Witchell, F.G.S. — In the construc- 
tion of a reservoir near the summit of the hill above the town of Stroud, the 
author observed, about two feet from the surface, a deposit of tufa con- 
taining land- shells, with a few freshwater bivalves ; in it he subsequently 
discovered several flint flakes of a primitive type, and in the overlying 
earth a few pieces of rude pottery. As the deposit is situated on the spur 
of a hill nearly separated from the surrounding country by deep valleys, 
and as Mr. "Witchell considered it to be comparatively recent, he concluded 
that it had been formed in a pond or lake, which had been caused by a 
landslip from the higher ground producing^ a dam that stopped the down- 
flow into the valley of the water of the neighbouring springs. 

3. " On the White Limestone of Jamaica, and its associated intrusive 
rocks." By Mr. A. Lennox, F.G.S. — The White Limestone of Jamaica 
was described as including a basement series of sandstones and shales, a 
hard white limestone, a yellowish limestone, and an uppermost member 
consisting of dark-red marl ; it was estimated to be at least 2500 feet thick ; 
and the author stated that, at the junction of the calcareous rocks with the 
granite, the former was often more or less altered, and this appeared to be 
the best proof of the Tertiary age of the latter. Mr. Lennox then ad- 
verted to a diagram-section of the rock-formations of Jamaica by the late 
Mr. Barrett (Quart. Journ. Geol. Soc. vol. xix. p. 615), which he con- 

* Described already by Mr. John Jones, of Gloucester. See * Greologist,* Vol. VI. 
p. 307. — Ed. Geol. 
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sidered erroneous on the following grounds : — (1) he knows no section in 
Jamaica in which the relation of tne White Limestone to the Hippurite- 
limestone is seen ; (2) the White Limestone he believes to be of Miocene 
age ; and (3) the shaly and sandy beds represented in the section as over- 
lying the White Limestone he considers to be undoubtedly in infra-posi- 
tion. The author then discussed the question of the age of the White 
Limestone, first on physical grounds, and afterwards palseontologically, in- 
ferring that it was decidedly of Miocene date ; and m conclusion he re- 
marked that the White Limestone had probably been deposited slowly in 
a tranquil sea, and discussed its relation to the Tertiary beds of the other 
West Indian Islands. 

4. " Facts and Observations connected with the Earthquake which oc- 
curred in England on the morning of the 6th of October, 1863." By 
Fort-Major T. Austin, F.G.S. — Earthquakes in the British Isles attract 
usually but little notice, owing probably to the mild form in which they 
generally occur ; but that one treated of m this paper, owing to its greater 
violence, aroused attention to the subject. The disturbance was said to 
extend from a point in St. George's Channel forty or fifty miles to the 
north-west of Pembrokeshire to Yorkshire, and the focus of the disturbance 
to be situated near the former spot. The author brought forward a num- 
ber of facts for the purpose of proving the intensity of the shock, the time 
at which it occurred, the number of vibrations, their direction (which was 
considered to be from W.N.W. to E.S.E.), and the occurrence of inci- 
dental phenomena, and concluded by passing in review the natural causes 
competent to produce these and other characteristics of earthquakes. 



NOTES AND QUEEIES. 

Thi MbjiSUBbmbnt of Hbiohts by the Akbboid. — The following 
explanation of the use of the aneroid in taking heights is given by Mr. 
Spencer Browning, of the Minories, in a pamphlet published by him. 
His aneroids, especially his mountain- and small pocket-instruments, are 
unequalled for finish and accuracy. 

The theory on which the measurement of heights is effected by the 
barometer, tne aneroid, or the sy mpiesometer, is exceedingly simple, though 
the application of the theory depends on formulae which have required 
mathematical skill to construct, and which include *' constants " obtained 
by delicate experiment. 

Theory,"^ Let m and mf be two stations on a mountain side : required to 
find the difference of elevation between them. 

The aneroid (or barometer or sympiesometer) having been corrected for 
the effect of temperature upon its own mechanism^ shows at m the weight 
of a column of au*, having the vacuum box of the instrument for its base, 
and reaching from m to the extreme limits of the atmosphere. Similarly, 
an observation at m! gives the weight of the upper portion of an identical 
column of air, reaching from vn! to the limits of the atmosphere. 

Consequently the excess of pressure at m above that at vn} gives the 
weight of that part of the column which extends from the level of m to the 
level of vn!, 

Knowing the weight of the column, if we also ascertain the specific 
gravity of the air that composes it, we have data for calculating its height. 
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To learn the specific grayitj of the colamn, two main influences have to 
be taken into account. There are also secondary ones, of so little import- 
ance that we shall not notice them here. 

(A) The specific gravity of the air, other circumstances being the same, 
bears a definite ratio to the pressure it sustains ; that is, the greater the 
pressure, the more it is condensed and the more does a cubic foot of such 
condensed air weigh. The lower strata of the atmosphere are therefore 
denser than the higher. 

(B) The specific gravity of the air, other circumstances being the same, 
is greater in jnroportion to its coldness. Air that is cold weighs more than 
air that is hot. 

i^ormt^/a.— These principles are simple enough. Experiments made 
with extraordinary care have shown the amimnt of the aoove influences, 
and the la/ws by which they act. Mathematicians, and notably La Place, 
have thrown the whole into a formula conyeniently adapted for computa- 
tion. It is substantially as follows, in which the letters A and B refer to 
the paragraphs (A) and (B), and S represents the secondary considerations, 
from which we abstain :— 

The height of f»' above m= (A^,--A«)x{l-hB+S}. 

Tbe calculation of the weight of a column of air, reaching to the limits 
of the atmosphere, on the j)rinciple (A), for all pressures of the barometer, 
at intervals of xi^th of an inch, nas been made, and forms, in some mo- 
dified shape, the^r^^ of the usual barometric tables. 

Browning's new aneroids, besides being graduated to inches of barome- 
tric pressure, are also graduated according to the length of the column, de- 
termined on the principle (A) ; the startmg-point having been so taken, 
that when the barometric pressure is 30 inches, the graduation marks 
feet. The graduation is always made on the assumption of the tempera- 
ture of the air being 32° Fahr. A«, is the graduation that would be indi- 
cated, under that hypothesis, at the station my and A^. that at m'. 

To correct these results on the principle (B), the temperature of the air 
is observed at m and again at m'. The mean of the two temperatures 
gives at least an approximation to the mean temperature of the entire 
column of air. The excess of this mean temperature above 32°, divided 
by 460 (one of the constants that have been determined by experiment), 
forms B. 

In other words, if ^ be the temperature at m, and i^ at m\ 
g _ (^—32°) -f (/■~32°) ^ 1 _ ^-f^^— 64*^ 

2 450 900 * 

Hence the first and the important part of La Place's formula is— 



^^--'^-{^^'■^^Y 



Example I. — Suppose a single traveller to wish to take the height of a 
mountain, m\ above the valley, m. He observes at m, before starting, that 
his aneroid points, say to 450 feet, and his thermometer to 60° Fahr. On 
reaching the top of the mountain m\ he finds his aneroid to give 9660 feet, 
and his thermometer to be 40° Fahr. 

<=60 
thenA«.=9560 i{'=40 ..^ ^, «^ 

A. =_45g ,41^^90, and '-±^=^^= J^ 



A„,— A,»=9110 
260 



900 900 



True height of -) -^ , 26 « I 

m' above m. j ^370 9110x^=260 



If there were two observers, they vonld of cotuae work BimnltaDeonsly, 
one iu the valle; and the other on the hilltop, to gnard against snch ma- 
terial change of temperature or preBHore aa might take place while a single 
traTeller was olimhinf;. 

Example II. — If the traTcUer desire to know his elevation above the 
■ea and has no simultaneous observations to refer to, be must aseume the 
preaaore at the sea-level to be at its aver&ge, viz. 30 inchea, and make the 
best guess he can at what would be the temperature of the air; the tem- 
perature decreasing, on a rough average, 1° for each 300 feet elevation. 
Let OS suppose it in the above case to be 52° ; then the height of M, above 
the sea is thus worked out : — 

(=62 
_ f=4Q t+e—^ _ 28 
A»— 0=9580 (+i'=92 900 ~900 

"a£*esL^']9^ 9660x^=11x28 abont =308 
The following tables refer to S, and explain themselves. Thev we 
the onlj ones that have to be applied to aa aneroid or to a s;mpieso> 



Correction for tho diiTereuoe of 
reetioQ positive from lat. 0° to 


Table for decreaao of gmvity in a verti- 
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45', negBlive from 45° to B0°. 
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52 


4<J 
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ae 
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20,000,. 


31 


SO 


11 
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The aneroid may be briefly described aa follows : — 

The weight of a colama oi air, which in the ordinary barometer acts on 
the meTcuij, presses in the aneroid on a small round German-silver box, 
both surfaces of which are comigatoii in concentric circles, to implrove the 
elasticity of the metal. The indications are thua obtained without the use 
of mercury or any other fluid. 

The new aneroid, which has be6n so favourably received and extensively 
patronized by members of the Alpine Club, is the result of a aeries of ex- 
periments carried on continuoualy for sovera! years. The first point ao- 
eompliihed was the perfect compeniation of the instrument for tempera- 
ture. This was efiected by introduoing a componnd bu of steel and dtmb 
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to form one of the leren which tranfanits the movements of the yacanm 
chamber to the hand. For this important improvement a prize-medal was 
awarded to Spencer, Browning, and Co., in 1862. 

Mr. Browning's aneroids possess the following advantages : — 

Iflt. They are most carefully corrected for temperature, from about 30° to 
100° Fahrenheit, by compound bars of metal, on the principle of the 
chronometer balance-wheel. 

2nd. They are divided by actual comparison with a Kew verified gaagOi 
every inch varying in length : other makers mark an. equal scale on the 
dial, and endeavour to regulate the works so that the movement shall 
correspond. Any scientific person will soon see that this is a mechanical 
impossibility. 

3rd. They have vacuum boxes made of fine hard-tempered gold, which 
impart the property to them of returning closely to their zero after ex- 
periencing a change of pressure of 16 inches. 

4th. They have the centre pivots jewelled, to diminish iriction- as far as 
possible : greater sensitiveness is thus obtained, and from the more accurate 
fitting of me centre staff, the instrument is not so liable to change its zero 
in travelling. 

A card, with a table of the index errors of the instrument, is given with 
each aneroid ; or the instrument will be sent to Kew for verification upon 
payment of 5^., if a fortnight's time can be given. 

When an aneroid has changed its zero, it has been customary to correct 
it by turning a screw at the back of the instrument, which acts through the 
medium of the mainspring on the vacuum chamber. 

This, however, is attended with two rather serious objections :•— Ist, it 
alters the tension of both the mainspring and the vacuum chamber, which 
do not settle down for some time ; and, 2nd, it alters the range of the whole 
instrument. 

These objections can now be obviated by a beautiful but sinrple contri' 
vance, suggested to Mr. Browning by Francis Galton, Esq., F.!R.S. This 
consists in making the dial turn round on the barometer case. By this 
arrangement the instrument is readily corrected by turning the dial until 
the required division comes under the pointer. 

These aneroids should be held in a horizontal position while being read, 
and not tapped previous to taking an indication. 

TEBTii^BT Mahmalia AND SHELLS. — The Tertiary beds of Madrid 
contain, according to Messrs. Sullivan and O'Beilly, bones of Anoplothe- 
rium Paleotherium, Antelopet Cervus, Bus, Shinoceros, Hippopotamus^ 
Mastodon, The Tertiary dolomitic limestone near Guadalaxara is often 
completely full of the shells of Limncea planorhist Paludina, Helix, etc. 

Ebbata in Fossil Bibds. — The following corrections in the references 
to the Plates require to be made : — At page 18, line 12, for "see PI. IV.," 
read see ^g. 2, PI. III. ; line 13, after (" ^g, 115 ") ins^t see PI. IV. 
fig. 3; at page 23, second line from bottom, ^r "PI. V.," read PI. XII. 
It will be aesirable, throughout the entire series of papers, to refer to the 
figures in the Plate by the notations given in the Explanation of the Plates 
at page 233, rather than by those given in the articles, as some errors have 
occurred. — S. J. M. 

Ebbata. — Page 87, last paragraph, for " B. TJngeriana ; and Heuss's 
R, ammonoides,** read " 72. Ungeriana, and Heuss's R, ammonoides ;*' it 
not being intended to liken the last iq B, Akneriana next mentioned. 
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CuBSENT Classification of Fossil Sfonoes. — The following classi- 
fication, certainly very erroneous, appears to be, as nearly as may be, 
that which is current amongst British geologists. The Editor would 
be much obliged by communications as to proposed and necessary amend- 
ments. 



I. OCILLAEIOA. 

CoBcinopora. 
Gaettardia. 

Ventriculites (Ocellaria). 
Brachiolites. 

Cephalites (Cribrospongia ; Tragoty Gold- 
fuss, non Schweg.). 
Cceloptychium. 
RetispoDgia. 
Thalamospongia. 
Paleeospongia. 
Porospongia. 
Goniospongia. 

ir. SiPHONIDA. 

Endea [Scyphia). 

Ferispongia. 

Camerospongia. 

Vcrticillites. 

Cnemidium. 

Siphonia {Halirrhoa; Polypothecia) . 

liippalimus {Scyphia), 

Choanites. 

Jerea (according to Morris). 

Paramoudra. 

III. Ltmnoreidjc. 

Lymnorea. 

Tremospongia. 

Leiospongia. 

Actinospongia. 

Rhizospongia. 

Mainmillopora {Lymnorea). 

IV. SPARSISPONOIDiE. 

Chenendopora {Manon). 

Porospongia. 

Jerea (according to If Orhigny). 



Marginospongia. 

Pleurospongia. 

Hemispongia. 

Verrucospongia {^ Manon). 

Sparsispongia (*» Siromaiapora). 

Stellispongia. 

V. AMoaPHOspoNaiD^. 

Cnpalospongia. 

Plocoscophia. 

MeandrospoDgia. 

Amorphospongia (Achilleum). 

Turonia. 

Strematopora. 

Spongia. 

VI. Halichondridje. 

Cliona (f^toa; Entobia). 

Halichondria. 

Thoosa. 

Spongilla. 

Alcyonella. 

Geodia. 

Tethya.^ 

Grautia^ {Leuealia ) . 

Dunstervillia. 



VII. CLIONIDiC. 



CHona. 
Talpina. 



VIII. Umcebtain. 

Conis. 

Coscinopora. 

Steganodictyum. 

Udotea. 

? Steganodictyum. 

Stromatopora. 



Intimations from collectors as to the collections they have formed, 
would also especially oblige. — S. J. M. 

Coal-beds or the Nottingham Collieries. — Eastwood Colliery, -- 
The coal is of excellent quality, free from dust, throwing out great heat ; 
durable and clean in burning, and said to be very superior for general 
household purposes. Watnall, Beauvale, and Brinsley Collieries. — The 
*' Comb Coal," the highest workable seam, is 2 feet 6 inches thick, and is 
used for household purposes in the midland counties of England. It is a 
free and bright burning coal, leaving a small quantity of red ashes. East- 
wood and Colmanhay Collieries. — The deep soft coal is most ext-ensively 
worked for householdf purposes ; it is about 180 yards below the ** top hard 
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coal/' and about four feet thick. The markets for this coal are London and 
most of the counties south of Derbyshire. It is free burning, leaving a 
email quantity of brown ashes. The " bottom hard coal " is about 20 yards 
below the deep soft coal, and is 3 feet 6 inches thick. It is used exten- 
sively for locomotive purposes by the London and North-Western, Mid- 
land, Great Northern, and other railways in England. It is also used for 
general steam purposes. In the midland counties it is extensively used for 
iron-making. Like the top hard cosl, it burns without clinker, and will 
bear exposure to any atmosphere for years without deterioration. It is 
procured in large blocks. The evaporative power in ordinary working of a 
locomotive is nearly 71b. of water for lib. of coal consumed, -ffig^ Park, 
Seggarlee, Underwood, Watnall, and Old Brinsl&u Collieries. — The " top 
hard coal," one of the highest workable seams in iJerbyshire and Notting- 
hamshire, is 6 feet thick, and is used extensively for locomotive purposes 
by the London and North-Western, Midland, and other railways in Eng- 
land. It is also used for steam navigation, and is one of the purest and 
best iron-making coals. It bums without clinker, and bears exposure to 
any atmosphere for years without deterioration. It is procured in lar^e 
blocks without small, and is generally preferred for household purposes in 
the counties of Lincoln, Eutland, and Leicester. The evaporative power 
in ordinary working of a locomotive is 71b. of water for lib. of coal con- 
sumed. 

An Eabthquakb in Sussex.— Shortly before midnight on the 30th of 
April last, a curious phenomenon was experienced at Maresfield, Sheffield 
Park, Fletching, Chailey, and the neighbourhood, and which has been at- 
tributed to the shock of an earthquake. As may very naturally be sup- 
posed, the occurrence created some degree of alarm at the time, and has 
since formed the subject of general conversation in the part of the county 
where it was experienced. The shock seems to have been confined to a 
somewhat limited area, and is fortunately unaccompanied by any serious 
results. It was, no doubt, generally felt about the same moment, and al- 
though the difference of a few minutes has been stated at various places, 
this circumstance is probably owing more to the variation of the time as 
recorded by the owners' timepieces than to any actual difference. At 
Maresfield, the phenomenon was experienced at nine minutes past eleven, 
and is described in a letter from Captain Noble as an extraordinary vibra- 
tion lasting fifteen seconds, and shsuting the doors, windows, and beds at 
Maresfield Lodge with some violence. The oscillation and vibration were 
likewise generally felt throughout the parish. At Sheffield Park, the seat 
of the Earl of Sheffield, the earthquake was felt by the members of the 
noble earl's family and household. The time recorded here is six minutes 
past eleven. Among other indications the butler heard the mortar fall be- 
niud the wainscot, and a loose bar attached to a window- shutter oscillated 
and struck the shutter. Lord Pevensey and Mr. Douglas Holroyd, who 
were at Sheffield Park, distinctly felt the shock. At Scaymes Hill, it is 
stated that the bells at the public-house distinctly vibrated ; while at 
Fletching, the family of Mr. Jones were disturbed by a rumbling noise. 
Similar sensations were experienced at Buckham Hul and at Chailey — 
more especially at two cottages at the latter place, where the shock seems 
to have been more severely felt. Writing from Maresfield to the * West 
Sussex Gazette,' Captain Noble says : — " It may be worth while to record 
a curious phenomenon observed at Maresfield last night (April 30th), inas- 
much as, after our experience of the 6th October ult., it may very probably 
be referable to an earthquake. About 11 h. 9 m. G.M.T., an extraordinary 
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yibration was felt here, lasting, as nearly as I can gather, some fifteen 
seconds, and shaking the doors, windows, and beds in this house with some 
violence. Most curiously, I felt nothing of it myself, but several of mj 
servants left their beds in alarm. One of the ladiea of my family desmbes 
the sensation she experienced as that of having her bed moved to and from 
the wall against which its head stands, as though some one had got under- 
neath it and were trying to lift it. As the bedstead in question stands 
nearly S.E. and N.W., this may serve to give an idea of the path of the 
eartliquake-wave, if such it were. I learn from various sources that this 
oscillation and vibration were felt all over the parish. Finally, three of 
my female servants were again alarmed some time afler midnight by t 
rushing sound, as though of violent hail, passing dose to their windows, 
although, on looking out, nothing was visible, nor has either hail or rain 
fallen here since the 28th ultimo." [It has been reported that a second 
shock was felt soon after midnight, but not so forcible as the first.] In the 
town of Lewes, it appears, the shock was distinctly felt. One lady states 
that while speaking to her servant in the kitchen, a few minutes after 
eleven o'clock, she heard a sudden shaking of the front door and vrindows, 
the unusual violence of which greatly alarmed the servant girl. Thinking 
the shaking noise was occasioned by the return of her husband, who had 
been out upon some business, the servant went to look, and was surprised 
to find that no one had entered. As the house stands in close proximity 
to the railway, and is frequently shaken by the motion of passing trains, 
this violent agitation of the door and windows was at the time attribnted 
to this cause. Shortly after midnight, when this lady had retired to rest, 
she states that she heard a peculiar and rushing sound, as if of hail or rain 
being forcibly driven against the windows. Many persons supposed there 
must have been a serious explosion of gunpowder somewhere, and one gen- 
tleman says, " I was sitting reading on the ground-floor at the time, and 
my chair quite shook under me.*' The shock does not appear to have been 
attended with serious consequences of any kind. 

The Geologist Magazine. — Future communications respecting * The 
Geologist ' should be addressed to Mr. Mackie, 25, Gulden Square. Back 
numbers and volumes previous to 1862 may be obtained of Mr. Gregory, 
25, Golden Square, W. Bemittances and applications for Vols. \. Vl. 
and VII. ate to be made to the present publishers, Messrs. H*eeve and Co. 
— ^Ed. Geol. 
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Notes on the Geology and Mineralogy of the Province* of Spanish 
Santandar and Madrid. By W. K. Sullivan, Ph.D., and J. P. 
O'Eeilly, C.E. London : Williams and Norgate. 1863. 

As very little is generally known of Spanish geology, everjr contribution 
that makes us better acquainted with what must be an interesting country is 
more than usually acceptable. The volume before us is composed of papers 
originally printed in the * Atlantis* (vol. iv.), and relates chiefly to minerals 
and mining-matters. It is, however, abundantly illustrated with maps, views, 
and sections, and gives a good deal of information of the stratified deposits 
of the district between the Bay of Santandar and the river Deva. It com- 
mences with an outline sketch of the physical geography of the province 
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of Santandar, an area some 60 miles by 25, and an ontline of the geology. 
Mountain-chains are its dominant physical feature, the southern boundary 
resting on the Cantabrian chain. The centre and south-west of the pro- 
vince are occupied, according to the authors, by two groups of rocks ; one, 
the most massive, and constituting some of the highest peaks of the south- 
west, is represented chiefly by a limestone remarkably jagged in its out- 
lines, hard and splintery, generally white externally, wnere exposed, but 
greyish internally, and often almost black in its lowest part. At its base 
this limestone seems to be associated with a hard grey sandstone rock, 
and both rest unconformably on thick beds of slate-clay. Beds of con- 
glomerate, formed chiefly of quartz pebbles, with an extremely hard 
siliceous cement, are associated with the slate-clay. The limestone rocks 
appear very much upheaved, and the strata are of the nearly vertical, and 
forming a succession of anticlinals, the general strike of which may be 
taken as E. a few degrees W. 

The second group of rocks consists of beds of variegated clays alter- 
nating with soft sandstone beds of slate-clay, thin beds of marly limestone 
of a dark grey colour alternating with thin layers of black marly clay. 
The predominating colour of the sandstones is red. The limestone rocks, 
upon which the beds of clay, sandstone, etc. rest, rise to the south and 
south-west in the lofty mountains of the Picos de Europa. 

After detailing with full particulars numerous sections, the author 
attempt to summarize and deduce the stratigraphical succession and 
relative ages of the different rocks. To do this, they first take such hori- 
zons as are naturally suflficiently definite. The nummulitic series offers 
one which is not only convenient as the newest or uppermost, but is also 
topographically the first, being near the sea-shore. The nummulitic rocks 
rest on cretaceous beds, which occupy a narrow band of coimtry near the 
sea, in the west of the province, and become largely developed towards the 
east. Those on the north side of the Bay of Santandar have been studied 
by M. de Vemeuil, who considers the beds lying between the Bay and 
the lighthouse to belong to the Upper Chalk Marls, and the authors suffi- 
ciently establish their position as the first horizon below the nummulitic 
beds. Those beds which form the quay of Santandar strike off towards 
the west, and are found not only to overlie the dolomite of Pena Castillo 
and the immense mass of the same rock lying about the south-west of the 
Bay of Santandar, but may be traced along the coast up to San Pedro, 
and inland to E^ocin and La Florida. This dolomite is in some places 120 
metres thick. The beds which underlie contain Calamophyllia Stokesii, 
Mhynchonella rincosay Ostrea deltoidea, Photodomya lyrata. Ammonites 
hifronsy Ammonites serpentinus, Pectens and belemnites are seven, which 
are undoubtedly Jurassic, while in the dolomite itself ammonites similar to 
those of the underlying beds. The authors therefore put this dolomite at 
the top of the Jurassic series, and make of them a second well-defined 
horizon. 

About the upper boundary there can be no difficulty, but it is otherwise 
with the lower limits. Beneath the dolomite are a series of beds of hard 
shelly argillaceous limestone, with variegated clav-beds passing into red- 
dish-grey sandstone, beneath which are thick beds of red micaceous sand- 
stone ; next follow the beds of compact blue or black limestone, containing 
metalliferous deposits, and forming the axis of the east and west chain 
called the Dobra. Beyond Monte Dobra, in the valley of Los Corrales, 
there is a repetition of the thick beds of red sandstone. In the upper 
members of this series many Jurassic foasils have been found ; but, accord- 
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ing to the authors, none at all in the great beds of red sandstone ; hence 
the question, are all these bedsiurassic, or does the red sandstone repre- 
sent an island of the Trias P Tiie authors incline to the opinion that all 
the rocks between the dolomite and the Dobra are Jurassic, including 
the Dobra limestone itself. If the Dobra limestone be Jurassic, the authors 
contend that the eastern part, if not the whole of the Cantabrian chain, 
which reach 2600 feet, are likewise Jurassic ; and that the conclusion then 
is inevitable, that the Jurassic formation extends into the province of the 
Asturias, and that the whole of the geology of the eastern part of that 
province requires rectification. 

After the geology, the third part of the book is devoted to the geognos- 
tical relations of the more important metalliferous deposits, and the fourth 
to the mineralogical structure and chemical composition of the ores, with 
some remarks upon their mode of production ; and finally, we have chap- 
ters on the deposit of sulphate of the soda in the valley of J arama, near 
Aranjuez ; on the chemical composition of a lacustrine dolomitic lime- 
stone in the neighbourhood of Madrid ; and on some curious molecular 
changes produced in disilicate of zinc and some of its compounds with 
carbonates by the action of heat. This work is well worthy of the attention 
of geologists. 

Geological JEssaySy and Sketch of the Geology of Manchester and the 
Neighbourhood, By John Taylor. London : Simpkin, Marshall, and 
Co. 1864. 

It is refreshing to take up a book on Geology in which we find ourselves 
free from the set phrases and pratings of the old school of geologists, or 
the hackneyed and tiresome inveighings against the hard words of science, 
so common in the multitude of works on so-called popular science. Of 
geological nomenclature, at least, Mr. Taylor takes a more sensible view 
than most of his ** popular " contemporaries, and he at least considers geo- 
logical classification as the grammar of geology, without which — 

"The student could no more make headway than he could read Horace or Virgil 
without having first learned to construe in Latin." ** Nomenclature," continues Mr. 
Taylor, *' is the ' slough of despond,' through which every man must wade ere he can 
cultivate the acquaintance of any science whatever. It is the Cerberus which guards the 
gates of its under-mysteries, the cipher whose knowledge unfolds the gathered wisdom 
of centuries ; aft r this difficulty has been overcome, no man will stand up more for its 
utility or find it more serviceable than he who at first sight was about to turn away with 
mingled feelings of disgust and despair ; and although such a classification is anything 
but perfect, and by no means to be relied upon as infallible, it serves as a clue to the 
mode of natural operations in bygone epochs. In short, its utility may be seen by the 
fact that it has been originated by those very meu who wandered for yeard amid the com- 
plexities of geology, often without so much as an idea of their labours ; and these tech* 
nological terms are the results of their patient investigations and long years of experi- 
ence." 

We cannot always agree with the author however, who, it is only just 
to say, follows closely to received opinions, some of which, it is well known, 
we have long been disposed to contest. One of these points to which he 
adheres is the old igneous origin of certain crystalline rocks : — 

** We may learn from this," he says, " that the various rocks of igneous origin owe 
their numerous modifications to the circumstances under which they have solidified, not 
to any difference in cheir origin ; the on'y changes being what they have lost <x what 
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they may have gained in passing throdgli previous formed rocks. Had it not been for 
the oatburst of such igneous rocks, our ' old and craggy earth/ as Cowper calls it, would 
have been full of yawning chasms, and its solid crust would have presented an appearance 
something similar to a clay-bank that has been exposed to a July sun. But the fluid molteii 
matter has been squirted from beneath into all the fissures which had been formed from the 
contraction of the masses after their formation, and has bound and cemented them together. 
Nay, were it not for the existence of such outlets to i\i% fiery reservoir below these volcanic 
vents, our world could not have lived out half its days. These have been, in ail stages of 
its history, the safety-valves to let off the superfluous potency, instead of being pent up 
and exploding the thin shell formed by the stratified rocks ^ or causing the earth to 
come to an untimely end by its disjointed continents wandering in severed orbits through 
space, in a manner similar to that hypothetical planet Pluto." 

Mr. Taylor has said here nothing new which others have not said before, 
but the passages we have set in italics will show the incongruity of the 
items of which this igneous theory is compounded ; for how that which 
has cemented together the fractures of the shell of our earth can be a means 
of outlet for the liquid matter beneath, is not clearer than is the source of 
the heat that made and maintains a molten core attributed to our planet. 
As to the origin of these so-called igneous rocks, just let us put againt these 
old parrot-repeated dicta what Sterry-Hunt, one of the oest of modern 
geologists, has recently written in his " Contributions to Lithology," in 
oilliman*s Journal. 

" I have already, in other places, expressed the opinion that the various eruptive 
rocks have had no other origin than the softening and displacement of sedimentary de- 
posits ; and have thus their sources within the lower portions of the earth* s stratified 
covering J and not beneath it. The theory which conceives them to have been derived 
from a portion of the interior of the earth still retaining its supposed primitive condition 
of igneous fluidity, is, in my opinion, untenable. It is not here the place to discuss the 
more or less ingenious speculations of Phillips, Durocher, and Buusen as to tbe constitu- 
tion of this supposed fluid centre, nor the more elaborate hypothesis of Sartorius von 
Walterhansen as to the composition and arrangement of the matters in this imaginary 
reservoir of Plutonic rocks. The immense vatiety presented in the composition of 
eruptive masses, presents a strong argument against the notion that they are derived, as 
these writers have supposed, /rom two or more zones of molten matter, differing in com- 
position and density, and lying everywhere beneath the solid crust of the earth, which, 
in opposition to the views of many modern mathematicians and physicists, the school of 
geologists just referred to regard as a shell of very limited thickness. The view which I 
adopt is one, the merit of which belongs, I believe, to Christian Keferstein, who, in his 
* Naturgeschichte des Erdkorpers,' published in 1834, maintained that all the unstrati- 
fied rocks from granite to lava are products of the transformation of sedimentary strata, 
in part very recent ; and that there is no well-defined line to be drawn between Neptu- 
nian and Volcanic rocks, since they pass into each other." 

The general tenor of Mr. Taylor's Essays however is very good, and 
his book is a very readable and useful one, especially in all that ne has to 
say on the local geology of those districts in which he has resided. Thus 
the accounts of the Lancashire coal-field and of the strata in the vicinity 
of Manchester, are exceedingly interesting, while the illustrations of fossil 
plants and shells are very appropriately selected. 

Flora of Surrey. By J. A. Brewer. London : Van Voorst. 1863. 

This is a full and comprehensive catalogue of the flowering plants and 
ferns found in the county, with the localities of the rarer species, from the 
manuscripts of the late J. D. Salmon, F.L.S., and from other sources, 
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compiled for tlie Holmesdale Natural History Club, at Beigate, by Mr. 
Brewer. The work is in small octavo, and contains nearly 370 pages, and 
two large excellent folded maps — one of the geology, the other botanical 
provinces ; and it will be useiul to add, that the geological map can be 
purchased separately in sheet, case, or on rollers. In accordance with 
Mr. Salmon's plan, the county has been divided into nine districts or 
divisions, for the purpose of more readily ascertaining the particular loca- 
lities of the plants. The geological map has been prepared and coloured 
from one drawn by Mr. Prestwieh, and we need not say will consequently 
be acceptable to all who are interested in the geology of the county. 
The three principal groups of geological strata are tne Wealden, the 
Cretaceous, and tne lindon Clay ; Reading and Woolwich beds, Thanet 
sands, and other Tertiary beds surmounting the Chalk* Here and there, 
especially along the river- valleys, are accumulations of gravel and drift 
deposits. The whole of the north-eastern division of the county belongs 
to the London Clay formation, and is comparatively low; and consequently 
the various elevations on the north side, such as Denmark, Heme, and 
Eichmond hills, although of no great elevation, still command extensive 
prospects. It also forms the hills running southward along the Kentish 
Dorder by New Cross, Forest Hill, Sydenham, and Norwood. It is 
estimated that in some situations the London Clay is nearly a thousand 
feet thick, but that that portion which extends into Surrey does not exceed 
600 or 600 feet. The principal feature of the northern district is again 
the London Clay, covered in places by the Bagshot sand, as in the vicinity 
of Esher. The whole of the north-western division consists of London 
Clay, for the most part covered with the Bagshot sand, and presenting a 
poor, hutigry, unimprovable soil, as at Bagshot heath itself, which lies within 
this region. Large masses of the siliceous sandstone known as " grey 
wethers " are found there. The entire eastern division is occupied by the 
Cretaceous rocks, with the exception of a small portion of the S.eading 
and Woolwich beds, and the Thanet sands, whicn occur to the east of 
Croydon. The Chalk occupies a considerable area, and forms a portion of 
the North Downs. The Upper Greensand, or freestone, forms tne foot of 
the escarpment of the Downs, and extends from Grodstone by Merstham 
and Eeigate through the county into Hampshire. The central division is 
principally occupied by the Chalk, but its north-west angle shows London 
Clay, which at Ockham Heath and Send is covered with Bagshot sand ; 
and a narrow slip of the Woolwich and Reading beds runs along the 
northern margin of the Chalk. The western division is principally occu- 

Eied by London Clay, but a narrow ridge of chalk, known ^ the "Hog's 
ack,** runs almost the whole length of the southern boundary, and at the 
foot of which the Gault and Upper Greensand crop out. The south-eastern 
division is, with the exception of a narrow strip of Lower Greensand on 
the north, occupied by the Weald Clay — the Hastings sand appearing at the 
south-eastern comer. The southern division is equally divided between 
the Greensand and Weald Clay. The principal stratum in the south- 
western division is the Lower Greensand. 

The following is a brief analysis of the distribution of the plants : — 
The total number of Species occurring is 117 ; the number confined to the 
valley alluvium, 7 ; to the superficial gravels, 19 ; to the Bagshot sands, 9 ; 
to the London Clay, 14 ; to the Heading and Woolwich beds, 2 ; to the 
Chalk, 55 ; to the Upper Greensand and Gault, 5 ; and to the Lower Green- 
sand, 28. 
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Descriptive Catalogite of the Sali$hv/ry and South Wilts Museum, 

iSalisbury : Bennett. 1864. 
J^roceedings of the Inauguration qf the Salisbury/ and South Wilts Museum. 

Salisbary: Bennett. 1864. 

The establishment of a new musenm is always a matter of note, but 
that of an important one in so remarkable a district, both archseologically 
and geologically, as Wiltshire, is unusually interesting. The inauguration 
took place in January of the present year, an account of which was di^ 
Bent to us, but want of space prevented our noticing it at the time. We 
also received an illustrated descriptive catalogue of 112 pages and 14 
plates, which is a very model of what should be done for every local 
museum. The stone, bronze, and early iron objects have been catalogued 
by Mr. E. T. Stevens ; the mediaeval series and the pottery, by Mr. 
]y ightingale ; the medieval seals, by Mr. W. Ormond ; the mammalian 
remains of the Pleistocene period, by our talented contributor Dr. H. P. 
Blackmore, and the birds by Mr. Henry Blackmore. It should be dis- 
tinotly understood that this is not a mere bare enumeration of the objects 
deposited in the museum, but that popular and intelligible explanations of 
the uses, objects, purposes, and nature of the objects registered, are freely 
and fully appended. Too much praise cannot be given to those who have 
thus striven to make the Salisbury Museum instructive to visitors of all 
denominations and degrees of education and intelligence. 

Geological Survey qf Canada, 

The Eeport of Process of this most important survey, from its com- 
mencement to 1863, illustrated with nearly five hundred woodcuts, has 
been produced by the officers, Sir William Logan, Director, Mr. Alexander 
Murray, Assistant Greologist, Mr. T. Sterry Hunt, Chemist and Mineralo- 
gist, and Mr. Billings, Palseontologist. A noble volume it is, of all but a 
thousand pages, worthy of the clever, active, and indefatigable Director, of 
his able staff, and creditable in production to the printer and the engraver ; 
for Montreal, in this respect, could not be expected to rival our own me- 
tropolis, but the typography and press-work are remarkably good for 
colonial work. An atlas of maps is to accompany the volume, but is not 
yet complete. The Geological Survey of Canada was instituted by the 
Provincial Grovemment in 1843, and smce then results have from time to 
time been submitted to the Legislature and published. The present volume 
contains, in a perfect form, the substance of those periodical reports, with a 
great deal of original matter ; and the work, as now presented, is a grand 
record of the full labours of the Survey. 

Flora Belfastiensis. By Ealph Tate, F.G.S. 

As Belfast was without a complete local Flora, the little book before us 
will supply a decided want, and emanating from a gentleman who is an ex- 
cellent geologist as well as a botanist, those special points which give the 
peculiar value which local Floras have to the lield-geologist, will naturally 
have received due and more than usual attention. The list of plants seems 
to us a very full and perfect one ; but it is the introductory description 
of the physical features of the district that geologists will mid most in- 
structive. It is well known that relations exist between the various soils 
and the plants which grow upon them ; but as drift and other superficial 
deposits are commonly widely spread over many areas, it follows that the 
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classes of plants growing over the surface do not necessarily, and veiy 
commonly do not, represent the varieties of the rocks constituting the main 
geological structure of the county. Wherever a diversity of rock occurs, 
we have a corresponding diversity of species, and these again are increased 
or diminished in numbers in accordance with the amount of disintegration 
suffered, the capacity to imbibe water, and other conditions of the rocks. 
The district uncler consideration is divided by the Belfast Lough and the 
river Lagan into two well-marked sections, both as to the geological strata 
and as to geographical relations. The northern section is occupied by the 
Belfast Hill £ange, the basis of which is the Keuper formation rising in a 
steep incline. The New Red is surmounted by the Lias, the Upper Cre- 
taceous rocks and Basalt forming a bold escarpment extending from White- 
head to Lisbum, with an average elevation of a thousand feet, from the 
heights of which the land slopes gently inland, forming plateaus of great 
extent. The southern section, excepting some patches of the newest 
Tertiaries in the neighbourhood of Bangor and in the Eiiock Yallev, is 
composed of Paleeozoic rocks. Surmounting the Silurians are the free- 
stones of the Old Bed Sandstone, in some places capped by Greenstone 
Porphyry, a mere strip of Carboniferous Limestone occurring at Castle- 
Espie. Beds of the Permian age occupy the coast-line at (Jaltra. The 
districts of Lagan, Knock, Bidlyaholly present extensive marshes, and 
peat-bogs are encountered at high elevations in the northern section, as on 
the Black Mountains. With a region so varied in its geological surface, 
and so diversified in its physical aspects, we might expect to find a great 
variety and diversity of plants ; ana so it is : Mr. Tate records 602 species. 

Professor Phillips^ s * Guide to Geology.* 

There is no book we know of more worthy to be put in the hands 
of beginners in geology than the pretty work of Professor Phillips, the 
fifth edition of which is now before us, nor is there any more fitted for 
giving a rudimentary knowledge to the general public, especially such as 
wish to get sufQcient knowledge to understand the main discussions of 
such importance as are now being carried on. Professor Phillips's long 
experience as a teacher has well fitted him for giving such instruction. 
He is an acute thinker, a voluble speaker, and possesses a love of his 
science and great earnestness. There is a tendency in his thinking 
towards speculativeness which makes bis writings more suitable to the 
understanding of ordinarily educated persons, and peculiarly pleasant to 
those who wish to understand the controversies of the day. At the same 
time the main philosophical principles of geology are not neglected, and 
the object of the science, the earth's condition as a planet considered, and 
the nature and character of the primitive land discussed ; the elementary 
substances which enter into the composition of rocks, their stratigraphical 
arrangement given, the origin of rocks stratified and uustratified, the phy- 
sical geography and genersQ structure of the earth pointed out. The sub- 
aqueous production of land, its elevation, the relative antiquity of its 
various portions, the changes of climate, the series of life and vegetation 
which have existed in past time, the various proposed methods of estimat- 
ing the lapses of geological time, are other subjects equally well and clearly 
treated, the last two chapters being devoted to lithology, and to tables 
and calculations. 
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PREFACE. 



*Thb Geologist,' at which I have laboured with assiduity and 
pleasure for more than six years, is brought unexpectedly to a close, 
with only half the quantity of matter usually devoted to a volume. 
A new geological magazine is announced, and having received an 
intimation from my publishers that to continue * The Geologist ' in 
rivalry with it would be attended with anxiety, and perhaps with 
loss, I have decided to retire from the field rather than take part in 
a contest that might prove injurious to both. 

To give up this monthly intercourse with so many friends at home 
and abroad is, naturally enough, a source of regret to me, if not of 
pain. I labour, however, neither to gratify vanity nor for gain. The 
honest wish of spreading and advancing knowledge, and of giving 
free scope to the expression of geological theories and criticism, has 
been my motive for maintaining this periodical, and I may with truth 
assert that, during the period of its publication, it has been a means 
of free intercourse among all classes of geologists. To its pages it 
has been my pride that all should, fairly and freely, have admission. 

My duties are done ; and in for ever closing this work I will but 
add, that had there been any option left with me I should have pre- 
ferred to have completed this volume in full to the end of the year. 
There are, however, stronger reasons than I can control for closing 
it at once. With all my numerous friends I beg, however, to re- 
main in personal correspondence ; while the new works I hope to 
project will soon put me again in open communication with the 
world, and will, I trust, prove not merely my desire but my capacity 
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to supply useful materials for the labours of others, and to do some- 
thing myself also for the advance of a very imperfect but very noble 
science. 

There is one labour — the first part of the first instalment of which 
will appear, I believe, on the 1st of July — ^my projected * Illustrated 
Catalogue of British Possils,' for which I hope to obtain very exten- 
sive support. The printing of the first portion, complete in itself, 
*An Illustrated Catalogue of British Fossil Sponges,' has already 
been commenced, and in it the original figures, descriptions, and biblio- 
graphy of all the described British fossil species will be given, with 
original notices of those new kinds which have already come to my 
knowledge, or may hereafter do so before the completion of the 
volume. As this work will be exceedingly full, it will entail a very 
heavy outlay on the publisher, not to be compensated, unless those 
geologists, who are not sponge-collectors, come freely to its sup- 
port, in the fiuth that the success of this gigantic undertaking can 
only be accomplished by mutual help, if ultimately every depart- 
ment of British Palaeontology is to receive similar illustration. 

All but my last words are penned; I devote them to my best 
wishes for the welfare of all my friends. 

S. J. MACKIE. 

27th May, 1864. 
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